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ABSTRACT 


This  is  a  final  report  on  a  study  of  jet  engine  noise  and  the  response  of 
structure  to  that  noise. 

The  near  sound  field  characteristics  of  a  jet  engine  operating  on  the 
ground  at  both  military  and  afterburner  thrust  were  measured.  Sound  pressure 
levels  were  obtained  in  the  near  field  and  within  the  jet  wake.  Pressure  levels 
and  cross -correlation  coefficients  were  obtained  at  two  locations  in  the  noise 
field  for  the  free  field,  a  rigid  boundary  and  a  flexible  boundary. 

Several  panels,  representative  of  typical  airframe  structure,  were  sub 
jected  to  this  jet  engine  noise  environment.  Structural  response  in  terms  of 
strain  and  accelerations  was  measured  and  analyzed.  These  panels  were  also 
subjected  to  discrete  frequency  excitation  to  determine  basic  response  param¬ 
eters. 


An  analytical  method  for  the  prediction  of  response  of  complex  struc¬ 
tures  in  an  actual  jet  noise  environment  was  developed.  Predicted  and  measured 
responses  were  compared. 


PUBLICATION  REVIEW 


This  report  has  been  reviewed  and  is  approved, 
FOR  THE  COMMANDER: 


WILLIAM  C*  NIELSEN 
Colonel,  USAF 

Chief,  Flight  Dynamics  Laboratory 


iii 


TABLE  OF  CONTENTS 


Section  Page 

I  Introduction  and  Objectives  . . * . .  1 

II  Nois e  Study  ..............  * . . . *  .  ^ 

A.  Scope  .  . . . . . . .  3 

B.  General  Description  of  the  Acoustic  Noise  Tests  ........  3 

1 .  The  Test  Site  . . . .  3 

2.  Description  of  the  YJT-79  Engine  ...................  4 

3.  Description  of  the  Noise  Tests  . .  5 

a.  Free  Field  Survey  . .  *  .  .  . . . .  5 

b.  Bounded  Field  Survey  . .  8 

4*  Field  Test  Instrumentation  . . .  8 

C.  Data  Processing  . . 12 

1.  Correlation  Computer  System  . 12 

2.  Analysis  of  Error  for  the  Correlation  Computer  .....  15 

3.  Narrow  Band  Analyzer  .  . . .  16 

4.  Probability  Distribution  Analyzer  .................  18 

D.  Results  . . . *  * . ********  18 

L  Free  Field  Survey  Results  . . . . .  19 

a.  Sound  Pressure  Level  Contours  . .  19 

b.  Narrow  Band  Sound  Pressure  Spectra  .  .  .  .  . .  28 

c.  Probability  Distribution  of  Amplitudes  . .  41 

2.  Bounded  Field  Survey  Results  . . . .  45 


IV 


TABLE  OF  CONTENTS 


g^ctlon  Page 

a.  Space -Phase  Correlation  .  #  ,  . . . . .  #  45 

b.  Sound  Pressure  Spectra  . . .  -  <  *  * .  64 

c.  Probability  Distribution  of  Pressure  Amplitude  .  .  74 

3,  Miscellaneous  Results  . . . . . . .  74 

E*  Accuracy  of  the  Data  . . . #  ,  ,  . .  35 

1.  Microphones  (Altec  Lansing)  .  ,  . . . . . .  ^  35 

2.  Microphones  (Photocon  Research  Products)  . .  85 

3.  Amplifying-Recording- Playback  System  . 85 

4.  Data  Plotting  . . . . .  . . #  33 

F*  Discussion  of  Results  . 86 

1*  The  Free  Field  Survey  . . . 86 

a.  Sound  Pressure  Level  Contours  . .  88 

b*  Free  Field  Spectra  . .  .  *  .  . . .  87 

2*  Probability  Distribution  of  Amplitude  . .  88 

3,  Bounded  Field  Survey  ,  *  .  ,  , . . _  »  ,  89 

a,  Space-Phase  Correlation  of  Sound  Pressure  ,  .  .  .  89 
b*  Sound  Pressure  Spectra  *  . . . . .  #  90 

4,  Miscellany  . . . .  .  . .  91 

G.  Conclusions  .  .  , . . . . .  g  1 

III  Theoretical  Panel  Response  * . . . . . .  . .  93 


A,  Introduction 


93 


TABLE  OF  CONTENTS 


Section 

B.  Theoretical  Panel  Modes  and  Comparison  with  Laboratory 

Resonance  Tests  . 

1.  6-  x  20-inch  Panel  . . .  9^ 

2.  Flat  Panel  A  . . 94 

C.  Panel  Dumping  from  Laboratory  Resonance  Tests  .  98 

1,  6-  x  20-inch  Panel  . . .  98 

2.  Flat  Panel  A  . . .  98 

D.  Theoretical  Panel  Response  in  Jet  Noise  Field  . .  99 

1.  Outline  of  Theory  . 99 

2.  Response  Calculations  for  6-  x  20-inch  Panel  .  101 

3.  Response  Calculation  for  Flat  Panel  A  .  102 

E.  Correlation  of  Accelerations  and  Bending  Strains  .  105 

F.  Discussion  .  106 

1,  Panel  Natural  Modes  .  106 

a.  6-  x  20-inch  Panel  .  106 

b.  Flat  Panel  A  .  107 

2.  Panel  Response  in  Jet  Noise  Field  .  107 

a.  Mode  Frequency  Shift  . 107 

b.  Comparison  of  Predicted  and  Test  Acceleration 

Response  .  108 

IV  Response  Measurements  . * .  110 

A.  Introduction  and  Objectives  . 11° 


vi 


TABLE  OF  CONTENTS 


Section  Page 

1-  Introduction  . . . .  .  .  . . .  110 

2.  Objectives  .  . . . ,  .  ■ . .  ,  . . .  110 

B,  Test  Specimens  and  Equipment  *  .  * . . . .  Ill 

L  Description  of  Test  Panels . . .  Ill 

2.  Jigs  and  Fixtures  .  . . .  . . . .  4  ,  t  116 

a.  Field  Tests  . . . . . .  116 

b*  Laboratory  Tests  . . . . .  120 

C*  Test  Procedures  and  Results  . . .  121 

L  Laboratory  Test  Procedures  and  Results  .  121 

a.  Static  Pressure  Test  (6-  x  20-inch  Panel)  ......  121 

b.  Static  Pressure  Test  (Panel  A)  ,  . . ,  ,  .  121 

c-  Dynamic  Test  (6-  x  20-inch  Panel) . *  *  ,  ,  *  125 

d.  Dynamic  Test  (Panel  A)  . .  125 

e.  Dynamic  Test  (Panel  E)  .  , . . . 130 

2*  Jet  Noise  Field  Test  Procedures  and  Results  .  132 

a*  General  Test  Procedure  . * . .  . .  132 

b.  Procedures  and  Results  . * .  133 

(1)  6-  x  20- inch  Test  Panel  . . .  133 

(2)  Panel  A  ,  . . ,  . . .  •  ,  . . .  *  *  ,  F  140 

V  Fatigue  ,  ,  . . ,  .  * . .  .  ,  . . .  . .  148 

A,  Introduction  and  Objectives  *  ,  .  t  . . . .  148 

vii 


TABLE  OF  CONTENTS 


Section  Page 

B.  Procedure  . . . . ....... . , .  148 

C.  Results  *  *  * . .  .  .  . . . .  148 

D.  Conclusions  . . . . .  . . .  ISO 

VI  Summary  .  * . . .  150 

A,  Summary  of  Conclusions  . . .  150 

B,  Recommendations  . . .  .  . . . .  151 

References  . . . . .  .  153 


viii 


LIST  OF  ILLUSTRATIONS 

KlEHl  Page 

II- 1  Test  Site  Configuration  . .  * . . . . .  2 

II-2  Test  Site  -  Buildings  and  Engine  . . 4 

II- 3  YJ-79  Engine  and  Control  Console  . 4 

II- 4  Temperature  and  Sound  Pressure  Measurement  Limits  and 

Test  Panel  Locations  . . . .  6 

II- 5a  - 

II- 5c  Microphone  Stations  for  Free  Field  Survey  . . 

11-6  Microphone  Coordinate  System  for  Boundary  Tests  .  9 

II- 7  Multi-Channel  Microphone  System  for  Measurement  of  Turbo¬ 
jet  Engine  Exhaust  Noise  Field  ,  .  . . .  . . .  . . .  10 

II-8  Test  Instrumentation  inside  the  Instrument  Shelter  . .  10 

II- 9  Typical  Microphone  Arrangement  During  the  Free  Field 

Survey  . . . . . . *■**,.,,  11 

H-10  Typical  Microphone  Arrangement  During  Cross-Correlation 

Measurements  . .  ,  . . . . .  11 

II- i  I  Jet  Wake  Probe  . . . 11 

11-12  Correlation  Computer  System  . 13 

11-13  Data  Reduction  System  . 14 

11-14  Electronic  Analog  Correlation  Computer  and  Magnetic  Tape 

Reproducer  »  .  . . . .  14 

H-15  Correlation  Computer  Error  . . *  ,  .  ,  , . .  .  17 

II- 16  Narrow  Band  Spectrum  Level  Analysis  System  .  ,  ,  ,  , .  17 

11-17  Power  Spectral  Density  Analysis  System  t .  ,  . .  17 

11-18  Narrow  Band  Analyzer  System  . lg 

H-19  Probability  Distribution  Analyzer  System  ,  . . 19 


IX 


LIST  OF  ILLUSTRATIONS 


Figure  Page 

II- 20a  - 

II-2Ih  Near  Field  Contours  of  Sound  Pressure  Spectrum  Levels  ...  20-27 

IX-22a  -  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 
II-25g  Free  Field  Survey  . . .  28-37 

II- 26a  -  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 
II- 2 7c  Jet  Wake  Survey  . . . . . . .  38-41 

II- 2 8a  -  Probability  Distribution  of  Pressure  Amplitudes  -  Free  Field 

II- 2  9c  Survey  . . . . . . . .  42-44 

II-30a  -  Probability  Distribution  of  Pressure  Amplitudes  -  Jet  Wake 
11-31  c  Survey  . . . . .  44-45 

II- 32a  - 

II- 35  Longitudinal  Sound  Pressure  Correlation  . . .  46-58 

II- 36a  - 

II-36d  Initial  Zero  Crossing  of  Correlation  Curves  . . .  59-60 

II-  3  7a  - 

II-38d  Comparison  of  Longitudinal  Correlation  Coefficients  .......  61-63 

II- 39a  -  Narrow  Band  {10  cps)  Analysis  of  Sound  Pressure  Levels 
II- 4  Id  (Free  Field,  Fiat  Panel  A,  Rigid  Panel)  . . .  66-71 

II- 42  a  - 

II-42d  Comparison  of  Sound  Pressure  Spectra  . . . .  72-73 

II-43a  -  Probability  Distribution  of  Pressure  Amplitudes  {Free  Field, 

II-45d  Flat  Panel  A,  Rigid  Panel)  . .  . .  75-77 

II-46a  -  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 
II- 46b  (Microphone  Shadow)  . . 78 

II-46c  Comparison  of  Sound  Pressure  Spectra  (Microphone  Shadow)  79 

11-47  Ratio  of  Excess  Mean-Square  Pressure  Measured  with  a  Flush 

Mounted  Microphone  . . . . . .  79 

II- 48a  -  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 
II-48d  Normal  Volume  Test  . . .  .  . . . .  80-81 


x 


LIST  OF  ILLUSTRATIONS 


Figure  Fage 

II-48e  -  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 
H-48h  Minimum  Volume  Test  •***.*« . . *  *  *  * - -  -  *  8Z-83 

II-  49a  - 

II- 49b  Comparison  of  Sound  Pressure  Spectra  -  2  Volume  Test  .  .  .  ,  84 

HX-1  6-  x  20 -inch  Panel  Natural  Frequency  -  Comparison  of  Theo¬ 
retical  and  Test  Results  . . > . .  -  -  * . . .  94 

III-  2  6-  x  20 -inch  Panel  Mode  Shapes  -  Comparison  of  Theoreti¬ 

cal  and  Lab  Test  Results  . . .  ,  . . .  «  . . .  94 

III-  3  Coordinates  for  Panel  A  Theoretical  Mode  Shape  Determination  95 

III- 4  Panel  A  Mode  Determination  * . . .  ,  .  . .  96 

III- 5a  -  Panel  A  Natural  Frequencies  and  Mode  Shapes  -  Comparison 

III-  5c  of  Theoretical  and  Lab  Test  Results  . .  .  *  . .  97 

III- 6a  -  Comparison  of  Predicted  and  Measured  Acceleration  Spec- 

III- 8  trum  in  Jet  Noise  Field  (at  Panel  Center):  103-104 

6-  x  20 -inch  Panel  . . .  ,  . . .  10  3-104 

Panel  A  .  . . . .  .  .  . . . .  ,  \  04 

III  -  9  Relation  between  Acceleration  and  Bending  Stress  at  Center 

of  Panel  -  in  Fundamental  Mode  -  6-  x  20 -inch  Panel  .  106 

IV-  1  Panel  A  . . . . . . .  112 

IV- 2  Panel  B  . . 113 

IV-  3  Panel  D  . . 114 

IV-4  Panel  E  . . . . . . . . . .  115 

IV- 5  6n  x  2  0TI  Test  Panel  . 116 

IV- 6  Flat  Panel  Support  Jig  . . 117 

IV- 7  Support  Jig,  Curved  Panel  . . .  , . . . .  #  #  118 

IV-8  Acoustical  Chamber  . 119 

IV-  9  Engine  Stand  Setup  ,  ,  . . . . *  . . ,  * ,  .  120 

xi 


LIST  OF  ILLUSTRATIONS 


Figure  Page 

IV- 1G  Test  Setup  for  Dynamic  Response  and  Mode  Survey  under 

Discrete  Frequencies  -  Panel  A  . .  120 

IV- 1 1  Static  Pressure  Test  -  6-  x  20-inch  x  *032  Panel  . 121 

IV-  12  Velocity  Contour  Survey  under  Discrete  Frequencies  - 

Panel  A  .  *  » * . - . . .  122 

IV-  13  Static  Deflection  -  Panel  A  . *  *  *  *  122 

IV- 14  - 

IV- 17  Static  Bending  Strain  -  Panel  A  . 123-124 

IV- 18  Strain  Distribution  -  Panel  A  -  Static  . 125 

IV-  19  Dynamic  Response  -  6- x 20-inch x  .032  Alum  Test  Panel  .  *  .  *  126 

IV-20  Frequency  Response  -  6-  x  20 -inch  Panel  *  * . . *  *  *  *  .  126 

IV-21  Characteristics  of  Discrete  Frequency  Excitation  and 

Response  of  Panel  A  . * . . .  127 

IV- 2  2a  - 

IV-22b  Discrete  Frequency  Mode  Shapes  -  Panel  A  . .  .  . . *  128 

IV-23  Discrete  Frequency  Response  at  Center  of  Panel  A .  129 

IV-24  Frequency  Response  of  Panel  E  . . . .  ...  131 

IV- 2 5a  - 

IV-25b  Discrete  Frequency  Mode  Shapes  for  Panel  E  *  .  *  *  * . 131 


IV- 2  6 

Panel  E  Response 

-  Discrete  Frequency  Excitation  -  Sta,  F-20 

132 

IV- 2  7  - 

IV-55 

Power  Spectral  Density  Analysis  of: 

133-147 

IV-27 

Pressure 

6-  x  20 -inch  Test  Panel 

-  Afterburner,  ,  *  * 

133 

IV- 28- 30 

Acceleration 

6-  x  20 -inch  Test  Panel 

-  Afterburner.  ,  .  . 

133-134 

IV- 3 1-33 

Bending  Strain 

6  -  x  20 -inch  Test  Panel 

-  Afterburner*  ,  .  . 

135-136 

IV- 34 

Pressure 

6-  x  20-inch  Test  Panel 

-  Military . 

136 

IV-35-37 

Acceleration 

6-  x  20-inch  Test  Panel 

-  Military . 

137-138 

IV-38-40 

Bending  Strain 

6  -  x  20 -inch  Test  Panel 

-  Military 

138-139 

xii 


LIST  OF  ILLUSTRATIONS 


Figure  Page 


IV-41 

Pressure 

Flat  Panel  A  - 

Afterburner  . 

140 

IV- 42 -44 

Acceleration 

Flat  Panel  A  - 

Afterburner  .  .  *  ,  * . 

141-142 

IV- 45 -47 

Bending  Strain 

Flat  Panel  A  - 

Afterburner  .  ,  . . 

142-143 

IV-48-49 

Pressure 

Flat  Panel  A  - 

Military . 

144 

IV-50-52 

Acceleration 

Flat  Panel  A  - 

Military . 

145-146 

IV-53-55 

Bending  Strain 

Flat  Panel  A  - 

Military . 

146-147 

V-l 

Fatigue  Failures  in  Panel  A  . 

149 

V-2 

Doubler  Installation 

-  Typical  for  Type  A  and  Type  E  Panels 

149 

LIST  OF  TABLES 


Table  Page 

II- 1  Average  Engine- Operating  Conditions  .  5 

II— 2-  Location  of  Panel  Boundary  Sites  .  . . 8 

II—  3  Average  Microphone  Characteristics  . 8 

H- 4  Microphone  Coordinates  Used  for  the  Panel  Boundary  Site  Test 

Recordings  for  Correlation  .  9 

II- 5  Microphone  Coordinates  Used  for  the  Panel  Response  Tests  .  .  9 

II- 6  Filter  Band  Widths  . 15 

II- 7  Analysis  of  Probability  Distribution  of  Sound  Pressure  Ampli¬ 
tudes  Assuming  a  Rayleigh  Distribution  .  42 

II-8a  Spatial  Average  of  Sound  Spectrum  Pressure  Levels  in  Decibels 
(re:  0.0002  dynes/cm2)  for  Three  Sound  Field  Boundaries  and 
Two  Engine  Conditions,  Upstream  Site  .  64 

II-8b  Comparison  of  Sound  Spectrum  Pressure  Levels  in  Decibels 

(re:  0.0002  dynes/cm2}  for  Various  Field  Boundary  Conditions  - 
UpstTeam  Site  .  64 

II-9a  Spatial  Average  of  Sound  Spectrum  Pressure  Levels  in  Decibels 
(re:  0.0002  dynes /cm2)  for  Three  Sound  Field  Boundaries  and 
Two  Engine  Conditions  -  Downstream  Site  . . 65 

II-9b  Comparison  of  Sound  Spectrum  Pressure  Levels  in  Decibels 

(re:  0.0002  dynes/cm2)  for  Various  Field  Boundary  Conditions  - 
Downstream  Site  . 65 

II- 10  Range  of  Overall  Sound  Pressure  Levels  at  the  Free  Field 

Monitor  Microphone  .  74 

II- 11  Jet  Wake  Probe  Maximum  Temperatures  . .  74 

III-  1  Panel  A  Theoretical  Model  Determination  . . 95 

III— 2  Damping  Ratios  -  6-  x  20-inch  Panel  . .  98 

III- 3  Damping  Ratios  -  Panel  A  .  99 


xiv 


LIST  OF  TABLES 

Table  Page 

III- 4  Panel  A  Data  for  Field  Response  Calculations  ..............  99 

III- 5  Response  of  6-  x  2Q~inch  Panel . . . .  102 

III-  6  Response  of  Panel  A  . . 103 

IV-  1  Identification  of  Test  Panels  . ,  . . . . .  Ill 

IV-2  Discrete  Frequency  Strain  Response  -  Panel  A  .  129 

IV- 3  Discrete  Frequency  Strain  Response  -  Panel  E  . . 130 

V- I  Log  of  Fatigue  Failures  . . 149 


XV 


LIST  OF  SYMBOLS 


a 


ai'aj “ 


AA  - 


E  - 
f  . 

fo  - 
g  . 

h  - 

K  i  - 

A  m  - 

Me  ~ 

P  - 
P  - 

R,i- 
r  - 
5  - 

p  - 


Panei  length  (in. ) 

Displacements  in  mode  at  points  "i"  and  "j" 

{Ratio  of  displacements  to  reference  displacement) 

Element  of  area  on  panel  over  which  pressure  is 
assumed  to  be  constant  (ft. 2) 

Power  spectral  density  of  pressure  correlation 
coefficient 


4> 


•J 


(non-dimensional) 


(4>t  ^  Wz 

Young's  Modulus  (lbs. /in. 2) 

Frequency  cps 

Natural  frequency  of  mode  cps 
Accelerations  due  to  gravity  (in. /sec. 
Panel  thickness  (ins.) 


Suffixes  denoting  locations  on  panel 
Element  of  mass  of  panel  (slugs) 

Generalized  mass  of  panel  s  Xj  (slugs) 

Instantaneous  pressure  (lbs. /ft, 

RMS  pressure  (lb./ft,^) 

Suffixes  denoting  real  and  imaginary  parts,  respectively 
Dynamic  magnification  factor  (non-dimensional) 

Relative  damping  in  mode  (non-dimensional) 

Mass  density  (lbs, /in* 

Poisson’s  Ratio  (non-dimensional) 


xvi 


LIST  OF  SYMBOLS 
(Continued) 

A  -  Frequency  factor  {non-dimensional) 

-  RMS  reference  displacement 
w  -  Frequency  {rad, /sec,) 
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cf>  -  Cross-spectral  density  of  pressure  at  points  "i"  and 
"j"  (lb./ft.2)2/cps 
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SECTION  I 


INTRODUCTION  AND  OBJECTIVES 

A  significant  amount  of  important  work  has  been  devoted  to  the  study  of 
structural  fatigue  under  acoustic  excitation-  As  outlined  in  the  Phase  I  report 
{Reference  9)  of  this  study,  many  have  contributed  to  understanding  the  nature  of 
the  noise  source  and  the  response  of  structure  to  that  noise.  However,  at  the  out¬ 
set  of  this  particular  program  the  state-of-the-art  had  yet  to  provide  a  proven 
method  of  analysis  which  would  predict  the  full  character  of  the  response  of  typical 
flight  vehicle  structure  subjected  to  a  realistic  noise  source,  such  as  a  modern 
turbojet  engine*  Once  response  prediction  could  be  established,  the  fatigue 
integrity  of  the  structure  should  be  more  firmly  indicated. 

The  method  for  predicting  response,  suggested  in  the  Phase  I  report, 
adopted  the  approach  of  generalized  harmonic  analysis*  It  assumed  light  damping 
and  the  validity  of  superposition  of  the  response  spectra  of  the  individual  modes. 

It  also  considered  the  spatial  correlations  of  the  acoustic  excitation.  To  verify  or 
further  develop  this  theoretical  approach,  considerable  test  data  were  necessary. 
Data  were  needed  to  describe  the  excitation,  the  structural  response  to  the  excita¬ 
tion,  the  basic  dynamic  parameters  of  the  structure  and  some  actual  sonic  fatigue 
results  for  the  conditions  studied. 

The  objectives  for  the  program,  then,  were: 

1.  to  describe  by  test  the  noise  field  of  a  modern  turbojet  power  plant 
a.  free  field 

b*  bounded  {rigid  and  flexible)  field 
e.  within  jet  wake; 

2.  to  describe  by  test  the  response  of  structure  to  sonic  excitation 
of  a  turbojet  engine 

a,  simple  panel 

b.  typical  aircraft  structure; 

3.  to  adapt  and  develop  theory  and  analytical  methods  for  predicting 
the  response  of  structure  to  sonic  excitation  from  a  turbojet 
engine; 

4.  to  conduct  fatigue  tests  of  typical  structure  in  the  turbojet  noise 
environment. 

Early  in  the  program  it  was  decided  that  major  effort  would  be  devoted  to 
obtaining  data  describing  these  phenomena.  Theory  development  would  receive 
less  emphasis.  Only  minor  effort  would  be  applied  to  the  fatigue  testing* 

This  report  presents  the  results  of  the  entire  program.  As  noted  from 
the  table  of  contents,  the  work  toward  each  of  the  major  objectives  is  treated  in  a 
separate  section. 

Manuscript  released  by  authors  August  1961  for  publication  as  a  WADD 
Technical  Report. 
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EDGE  OF  CONCRETE  APRON 


BLAST  FENCE  5'  HIGH  ON  A  30°  SLOPE 
EDGE  OF  CONCRETE  APRON 


scale:  none 


Figure  II- 1 ,  Test  Site  Configuration 
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concrete:  street 


SECTION  II 


NOISE  STUDY 


A.  Scope 


The  purpose  of  the  noise  study  portion  of  the  program  was  to  define  the 
acoustic  noise  field  created  by  the  turbojet  engine*  This  section  of  the  report 
describes  the  procedures  and  equipment  used  for  the  noise  study  and  the  results 
obtained.  Some  interpretation  of  these  results  has  also  been  undertaken  for  those 
aspects  which  are  not  explicit  in  the  consideration  of  structural  response. 


B,  General  Description  of  the  Acoustic  Noise  Tests 

All  field  tests  were  conducted  at  the  Palmdale,  California,  municipal  air¬ 
port  test  facility.  Measurements  of  near  field  sound  pressures  were  obtained 
using  a  Y  J-79  turbojet  engine  operated  with  and  without  afterburning.  Investigation 
included  the  free  field  (actually  quasi-free  field)  inside  and  outside  the  jet  wake, 
and  the  sound  field  at  rigid  and  flexible  boundaries.  In  addition  to  determining 
mean-square  and  r,  m.  s,  pressures,  measurements  were  also  made  of  the  space- 
phase  correlation  coefficients  for  several  noise  field  boundary  conditions. 

Noise  data  was  recorded  at  the  test  site  on  magnetic  tape  using  condenser 
microphones  as  the  primary  sensing  elements,  A  monitor  microphone  was  used 
during  all  tests.  Subsequent  processing  of  the  recorded  signals  was  accomplished 
using  a  specially  constructed  correlation  computer  and  a  narrow-band  analyzer 
system.  Summaries  of  pertinent  results  are  presented  in  this  section. 


1.  The  Test  Site 


The  general  configuration  of  the  test  site  is  shown  in  Figure  11-1* 

The  areas  directly  east  and  south  of  the  site  are  completely  free  of  obstructions  for 
several  thousands  of  yards.  The  area  north  of  the  engine  is  clear  of  obstructions 
except  for  the  instrument  shelters  and  an  aircraft  run-up  area  at  a  distance  of  about 
500  yards.  West  of  the  area  beyond  the  blast  fence  is  clear  for  about  200  yards. 
Since  the  test  stand  is  located  in  the  vicinity  of  aircraft  operations  of  various  sorts, 
a  survey  of  ambient  sound  levels  was  made.  For  the  worst  conditions  encountered 
during  all  tests  the  ambient  overall  SPD  was  never  in  excess  of  110  decibels,  re: 
0.0002  dynes/cm^.  The  ground  surface  over  the  entire  noise  test  area  is  covered 
by  a  concrete  apron. 

Figure  11-2  shows  the  physical  construction  of  the  test  site  buildings.  For 
all  measurements  in  this  program  the  engine  was  completely  uncovered,  as  shown. 
The  instrument  shelter  was  acoustically  treated  to  protect  personnel  and  equipment 
from  the  intense  noise  levels  produced  by  the  engine. 
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Figure  II- 2.  Test  Site  -  Buildings  and  Engine 

The  actual  noise  test  area  located  with  respect  to  the  engine  is  shown  in 
Figure  Il-i.  This  point  is  mentioned  specifically  since,  for  convenience  of  d isplay , 
all  other  figures  in  this  report  referred  to  this  area  are  shown  as  if  being  on  the 
opposite  (north)  side  of  the  jet  centerline, 

2#  Description  of  the  YJ-79  Engine 

A  close-up  view  of  the  YJ-79  engine  and  its  control  console  are  shown  in 
Figure  II-3,  The  engine  is  an  axial  flow  turbojet,  with  afterburner,  capable  of 
thrust  modulation,  Basic  components  of  the  engine  include  a  17-stage  compressor , 
a  three- stage  turbine,  variable  pitch  inlet  guide  vanes,  ten  combustion  chambers, 
and  a  variable  converging-diverging  exhaust  nozzle. 


Figure  II-3,  YJ-79  Engine  and  Control  Console 


Since  no  thrust  measuring  instrumentation  was  available  on  the  test  stand, 
rpm  and  exhaust  gas  temperature  were  used  as  the  operating  criteria.  Table  II- 1 
gives  rpm,  exhaust  gas  temperature,  and  several  other  variable  engine  param¬ 
eters  for  each  of  three  engine  thrust  ratings:  normal  {rpm  100),  military,  and 
afterburner.  The  average  values  given  in  Table  II -1  for  jet  velocity  and  nozzle 
pressure  ratio  are  calculated  values  based  on  the  prevailing  atmospheric  con¬ 
ditions  and  typical  engine  performance  data.  Jet  velocity  was  computed  from  the 
manufacturer's  performance  data  on  thrust  and  airflow. 
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TABLE  II- 1 


AVERAGE  ENGINE- OPERATING  CONDITIONS 

Engine  Condition 

Exhaust  Gas 
Temperature 
(Degrees  C) 

Pressure 

Ratio 

(Calculated) 

Nozzle 

Area  Dia, 

2 

(Inches)  Inches 

Velocity 
(It/  sec) 
(Calculated) 

RFM  100 

510 

1,82 

420  23.1 

1595 

Military 

565 

1.73 

370  21.7 

1740 

Afterburner 

585 

1.78 

576  27.1 

2290 

3,  Description  of  the  Noise  Tests 


For  convenience  of  reporting,  the  noise  tests  have  been  divided  into  two 
classes:  free  field  surveys,  and  bounded  field  surveys.  In  this  report,  the  free 
field  surveys  are  considered  to  be  all  data  taken  to  define  the  sound  field  of  the 
engine  including  the  area  inside  the  wake.  Bounded  field  surveys  are  considered  to 
include  all  data  taken  to  produce  detailed  information  on  the  sound  fields  immediately 
adjacent  to  a  test  panel  boundary  location. 


a*  Free  Field  Survey 


The  surveys  were  conducted  for  three  engine  power  conditions:  normal, 
military,  and  afterburner.  Definition  of  the  areas  outside  and  inside  the  jet  wake 
was  made  on  the  basis  of  temperature  measurements  along  the  boundary  of  the  jet 
exhaust  wake.  The  division  between  these  two  regions  was  arbitrarily  defined  as 
the  locus  of  points  along  the  exhaust  wake  boundary  where  the  mean  temperature 
measured  5°F  above  the  mean  ambient  temperature.  This  temperature  limit  is 
shown  in  Figure  U-4,  It  was  observed  during  the  temperature  limit  meas¬ 
urements  that  the  exhaust  wake  impinged  on  the  concrete  apron  approximately  25 
feet  downstream  of  the  nozzle.  This  fact  accounts  for  the  two  temperature  limits 
shown  on  Figure  II-4,  beyond  25  feet  downstream.  The  temperature  limit  was 
determined  for  the  military  engine  power  condition  only. 

The  free  field  survey  region  extended  to  a  maximum  of  50  feet  radially 
from  the  jet  centerline,  70  feet  downstream  of  the  nozzle  exit,  and  10  feet  forward 
of  the  nozzle  exit.  Figures  II- 5a,  b,  and  c,  pages  6  and  7,  show  the  microphone 
stations  used  with  the  exception  of  three  stations  inside  the  exhaust,  80  feet  down¬ 
stream.  The  monitor  microphone  used  during  these  tests  was  located  20  feet  down¬ 
stream  from  the  nozzle  exit  and  20  feet  from  the  jet  centerline.  Height  of  the 
microphones  for  the  free  field  surveys  was  kept  constant  at  5  feet,  the  nominal 
height  of  the  jet  centerline  as  determined  with  surveying  equipment. 
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RADIAL  DISTANCE  FROM  JET  AXIS 


-10  0  10  20  30  40  50  00  70 


FEET 

AXIAL  DISTANCE  DOWNSTREAM  OF  NOZZLE-EXIT 

Figure  II-4.  Temperature  and  Sound  Pressure  Measurement  Limits 
and  Test  Panel  Locations 
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AXIAL  DISTANCE  DOWNSTREAM  OF  NOZZLE- EXIT 

Figure  II -5a,  Microphone  Stations  for  Free  Field  Survey  -  RPM  100 
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RADIAL  DISTANCE  FROM  JET  AXIS  RADIAL  DISTANCE  FROM  JET  AXIS 


AXIAL  DISTANCE  DOWNSTREAM  OF  NOZZLE- EXIT 


Figure  U»5b*  Microphone  Stations  for  Free  Field  Survey  -  Military 


AXIAL  DISTANCE  DOWNSTREAM  OF  NOZZLE- EXIT 

Figure  U-5c.  Microphone  Stations  for  Free  Field  Survey  -  Afterburner 
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b,  Bounded  Field  Survey 


Bounded  field  survey  measurements  were  conducted  at  the  two  locations 
shown  in  Figure  H~4.  These  locations  will  be  referred  to  as  the  upstream  and 
downstream  panel  sites.  Table  II-2  gives  the  coordinates  of  these  two  locations  in 
feet  and  the  equivalent  number  of  nozzle -exit  diameters  for  two  engine  conditions; 
military  and  afterburner* 


TABLE  11-2 

LOCATION  OF  PANEL  BOUNDARY  SITES 


Distance 

F  ram  Nozrle 

-Exit 

From  Jet  Centerline 

Site 

Nozzle  Diameters 

Nor  tie  Diai 

meters 

feet 

Afterbu  rner 

Military 

Feet 

Afterburner 

Military 

Upstream 

14,  2 

6.3 

7,6 

ID 

4.4 

s.s 

Downstream 

40,  l 

17, & 

22.2 

IS 

6,6 

a.  3 

TABLE  U-l 


AVERAGE  MICROPHONE  CHARACTERISTICS 


Microphone  Type 

Sensitivity 
re:  IV/dyne/em^ 

Sensitivity  with  Lang 
Cable  and  Impedance 
Matching  Trans  lor  met 

Linear  SPL  Limit 
re:  0,  0002  dynes/cm* 

2  ID 

-50db 

«7Qdb 

150db 

2  IBM- 150-1 

-SSdfe 

-78dh 

isadb 

21BR-I&0-I 

-7Gdb 

-9Qdb 

t70db 

Altec 

Lansing  21BR-20C-L 

-65db 

-iOSdb 

iasdb 

Corp. 

2 1 0  R«  |  fl  0  »  7 

-70db 

-9&db 

ITOdb 

2IBR- 200-7 

-B5db 

- L05dh 

i8Sdb 

1 1  BA- 220*  3 

-lOOdb 

-120db 

20Qdb 

Photocon  320T 

-90db 

200db 

Research 

Products  342 

-115db 

— 

2l3dh 

Location  of  cross -correlation  measurements  made  at  both  panel  sites 
are  summarized  in  Tables  H-4  and  II- 5,  The  microphone  row  and  column  coordi¬ 
nates  used  in  those  two  figures  refer  to  the  coordinate  system  shown  in  Figure  II -6. 

4#  Field  Test  Instrumentation 


All  acoustic  measurements  in  the  areas  outside  the  jet  wake  were  made 
with  Altec  Lansing  Type  21  microphones  equipped  with  wind  screens  and  anti- 
microphonic  pre-amplifier  bases.  Measurements  inside  the  jet  wake  were  made 
with  water-cooled  microphones  manufactured  by  Photocon  Research  Products, 
Table  II -3  lists  typical  microphone  characteristics*  Frequency  compensating  net¬ 
works  were  employed  for  all  microphones  to  minimize  the  effect  of  long  microphone 
cable  lengths. 
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DIRECTION  OF  EXHAUST 
-  *-  DIVISIONS' - 


Figure  II-6* 


Microphone  Coordinate  System  for  Boundary  Tests 


T  ABLE  11-4  TABLE  11-5 


MICROPHONE  COORDINATES  USED  FOR  THE  PANEL  RESPONSE  TESTS 

Teat 

Row 

Column* 

Flat  Panel  A 

Downstream*  -  M 

Downstream  -  A/  B 

D 

3*4*5,  7,0.  U 

Flat  Panel  H 

Downstream  -  RPM  100 

Dywna  I  re  in  -  A/B 

D 

3*4*5.  7,9.  11 

Flat  Panel  D 

OowBJtrum  -  M 

0  own*  t  re  am  -  A/ 6 

D 

3*4*5, 7, 9,  11 

F  La  I  Fa  tie  1  E 

Do wn itraim  -  M 

Downitreim  -  A/B 

D 

3*4*5*  7,  9,  11 

Curved  Panel  B 

Downstream  *  M 

Doumatream  -  A/B 

D 

3*4.  5.7*9*  11 

Cu  rved  Pa  nel  D 

Downi  tream  -  RPM  DO 
Downstream  —  A/B 

D 

3*4,  S.  7.9.  11 

T  wn-  V  alu  me 
{F  la  t  Pane  I  A) 

Downatream  *  RPM  100 
Dowfllimm  *  A/B 

D 

4,7*  1L  (Out  aide  and  In  at  del 

Engine  Condition! 

M  ■  Military 

A/B  *  Alte r burner 

RPM  100  a  100*  RPM 
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Signals  from  the  microphones  were  recorded  on  an  Ampex  Type  FR-114 
magnetic  tape  recorder  which  provided  14  channels  of  data  storage.  Calibrated 
amplifiers  and  attenuators  at  the  recorder  input  were  used  to  obtain  standardized 
recording  levels  with  a  minimum  peak  factor  of  15  db.  Recordings  were  monitored 
during  the  tests  with  a  cathode  ray  oscilloscope  and  a  R.M.S.  vacuum  tube  volt¬ 
meter.  Figure  11-7  shows  the  essential  features  of  the  microphone  recording  sys¬ 
tem.  Figure  II-8  shows  the  physical  arrangement  of  the  various  instrumentation 
and  equipment  inside  the  instrument  shelter 


Figure  II- 7.  Multi-Channel  Microphone  System  Figure  II-8.  Test  Instrumentation 
for  Measurement  of  Turbojet  En-  Inside  the  Instrument 

gine  Exhaust  Noise  Field  Shelter 


During  the  free  field  survey  and  cross-correlation  tests,  seven  micro¬ 
phone  output  signals  were  recorded  simultaneously,  one  channel  being  the  monitor 
microphone.  The  particular  microphones  used  were  selected  to  give  optimum  sig- 
nal-to-noise  ratio  and  peak  factor  for  the  noise  obtaining  at  the  measurement  posi- 
tion. 


Figures  II -9  and  11-10  show  typical  microphone  arrangements  during  the 
free  field  survey,  the  free  field  at  a  panel  boundary,  and  a  flat  flexible  panel. 

The  water-cooled  Photocon  Type  microphones  were  mounted  in  two  sides 
and  the  top  of  a  stainless  steel  probe  for  sound  pressure  measurements  in  the  jet 
wake.  In  addition,  a  thermocouple  was  installed  in  the  probe  for  temperature  mon¬ 
itoring.  The  assembled  probe  and  details  of  the  water  tubes  and  wiring  are  shown 
in  Figure  II-  1  1  . 


IQ 


Figure  II- 9*  Typical  Microphone 
Arrangement  during 
the  Free  Field  Survey 


Figure  II -10.  Typical  Microphone  Arrangements 

during  Cross-Correlation  Measurements 


Figure  11-11,  Jet  Wake  Probe 
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C,  Data  Processing 


This  section  describes  techniques  and  equipment  used  for  processing  all 
basic  acoustic  data, 

1 ,  Correlation  Computer  System 


A  special  electronic  analog  computer  was  constructed  to  determine  space- 
phase  correlation  of  sound  pressures  at  the  panel  boundary  locations. 

From  the  definition  (Reference  5}  of  the  time  cross -correlation  function 
of  two  real  quantities  et  (t)  and  e 


e.(t)ejt)  =  LIM 

2  T~od 

It  can  be  seen  that  the  computation  requires  at  least  three  mathematical 
operations;  multiplication,  integration,  and  division,  (Note  that  in  the  present  case 
where  e,(fland  e2(t)  are  two  random  signals  with  no  time  shift  involved,  but  rather 
a  pseudo-phase  shift  due  to  spatial  displacement,  the  time  cros s-correlation  has 
been  termed  space-phase  correlation.  )  Further,  in  order  to  instrument  these  com¬ 
putations  with  an  analog  computer  it  is  necessary  to  approximate  the  limit  condition 
with  a  finite  integration  time  which  results  in  the  following  modified  form  of  the 
defining  equation  - 


e,(t)e2(t)  dt 


(1) 


e,(t)e2(t) 


(t)  ez(t)dt 


(2) 


The  normalized  form  of  this  equation  is,  for  purposes  of  this  report, 
termed  the  space-phase  correlation  coefficient 


 e,(t)  ezCO 


(3) 


where  (t)  is  the  time  auto- cor  relation  function  with  the  argument  set  equal  to 
zero,  i.  e.  , 


e*(t)  =  /  eft  +  0)-e(t)dt 


which  is  an  approximation  of 


(4) 


R  =  LIM  -L  f'e(t  +  0) -eft)  dt 


(5) 


as  in  the  time  cross-correlation  case.  Thus,  e?(t)  is  the  mean-square  of  e(t)  , 
Note  that  the  approximate  form  of  the  equations  for  the  mean-square  and  space- 
phase  correlation  require  identical  mathematical  operations.  The  computer  to  be 
described  solves  equations  (2)  and  (4)  in  the  process  of  determining  equation  (3). 
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Computer  system  operation  can  be  described  most  easily  with  reference 
to  Figure  11-12.  Basic  data  signals  were  recorded  on  a  magnetic  tape  record- 
reproduce  system  selected  to  give  minimum  recording  error  due  to  head  spacing 
gap  scatter.  All  other  test  information,  including  items  such  as  transducer  cali¬ 
bration  factors,  engine  condition,  transducer  location,  plus  signal  amplification 
and  attenuation  data,  was  recorded  on  preprinted  data  sheets. 


Figure  11-12.  Correlation  Computer  System 


The  specialized  electronic  analog  computer  accepts  the  recorded  signals 
from  the  tape  reproducer,  performs  the  mathematical  operations  defined  in  equa¬ 
tions  (2)  and  (4)  above  and  produces  coded  punched  card  outputs  via  the  summary 
punch  unit. 

The  analog  computer  also  performs  signal  frequency  limiting  as  required 
and  establishes  punched  card  coding  identifying  frequency  limiting  and  other  infor¬ 
mation  including  test  number,  tape  channel  numbers,  internal  amplification  factor s, 
and  type  of  computation  * 

The  resulting  punched  cards,  along  with  the  information  from  the  pre¬ 
printed  data  sheets  are  then  processed  with  an  IBM  Type  709  digital  computer  which 
solves  equation  (3), 
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Figure  11-13,  Data  Reduction  System 


Figure  11-14.  Electronic  Analog  Correlation  Computer 
and  Magnetic  Tape  Reproducer 


14 


The  analog  computer  is  shown  in  the  block  diagram  and  photograph  of 
Figures  11-13  and  11-14.  The  following  list  of  equipment  describes  the  major  com¬ 
ponents  of  the  computer: 

EQUIPMENT  LIST 


Tape  Playback  Machine; 
Filters: 

Microphone  Amplifiers: 
Oscilloscopes : 

AC  Voltmeter: 

DC  Voltmeter: 
Integrator: 

Digital  Voltmeter: 
Card  Punch: 
Multiplier; 


Ampex  Type  375  (frequency  response  0-5000 
cps  ±  2  db,  signal  to  noise  ratio  45  dbor  better) 

Bruel  and  Kjaer  Type  2109  (1/3  Octave  Band) 

General  Radio  Type  1550  (Octave  Band) 

Bruel  and  Kjaer  Type  2601 
Eico  Type  425 

Ballantine  Type  310A  (3%  full  scale  accuracy) 

RCA  Type  WV-98A  (3%  full  scale  accuracy) 

Kintel  Type  II4A  {Converted  to  an  operational  amplifier) 
Electro  Instrument  Type  3500P  (0,  1%  accuracy) 

IBM  Type  523  Summary  Punch 

George  A,  Philbrick  Researches,  Inc*,  Model  MV/DV  456 


TABLE  11-6 

FILTER  BAND  WIDTHS 


1/3  OCTAVE  BAND  FILTERS 

OCTAVE  BAND  FILTERS 

Mid -Band 

Mid-  Band 

Mid-Band 

F  requeue y 

Band  Width 

F requency 

Band  Width 

F  requency 

Band  Width 

(cps) 

(cps) 

(cps) 

(cps) 

(cps) 

(cps) 

40 

9 

250 

57 

39 

55 

SO 

11 

320 

73 

52 

38 

63 

15 

400 

93 

105 

75 

80 

18 

500 

115 

210 

150 

100 

23 

630 

149 

420 

300 

125 

29 

800 

179 

850 

600 

160 

37 

1000 

222 

1700 

1200 

200 

45 

3400 

2400 

2.  Analysis  of  Error  for  the  Correlation  Computer 

Because  of  the  finite  integration  time,  30  seconds  for  the  data  in  this 
report,  there  is  an  error  involved  in  computing  equations  (1)  and  (5)  using  (2)  and 
(4).  This  error  can  be  expressed  {Reference  6,  Chapter  7)  as 


/R)  _  R(t) 

l  <? /CUT  c t(t,  t) 

which  for  95%  certainty  is  also  shown  to  be 

fR)  _  20Q 

t  a~'0UT  p 

where  P  -  percentage  error 

=  standard  deviation 

R  =  mean  value  of  the  correlation  function. 
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For  single  tuned  filters  {also  from  Reference  6) 


<  yq-  +^-(2a+l) 

where  a  -  it0t 

<9-  7 T0J 


T  -  delay  function 
0  -  filter  bandwidth 
T  -  integration  time 
e  =  base  of  natural  logarithms 


For  the  special  case 


and 


<TZ{0,Q)  <~  (±?  r) 


O'  < 


p 

200 


then  if  WQ  —  B  {WQ  =  Center  frequency) 

p  -lzoa  Vi  Um) 


This  relation  is  plotted  in  Figure  11-15  for  T  =  30  seconds  as  a  func¬ 
tion  of  filter  bandwidth* 

Several  sources  of  error  are  inherent  in  the  multiplier  section  of  the  com¬ 
puter  due  to  drift,  noise,  and  tracking  at  small  phase  angles.  On  the  average  these 
are  estimated  to  contribute  less  than  5%  error. 


3  .  Narrow  Band  Analyzer 

This  system  consists  of  the  instruments  shown  in  Figures  11-16,  11-17, 
and  II -18*  For  spectrum  level  analysis  the  output  of  the  analyzer  is  converted 
to  a  logarithmic  scale  to  enable  the  xy  recorder  to  plot  spectrum  level  directly* 
The  frequency  bandwidth  of  the  filter  used  is  10  cps  *  The  region  of  uniform 
transmission  (not  the  ±  3  db  points)  is  defined  as  the  bandwidth,  and  attenua¬ 
tion  of  this  filter  at  ±50  cps  is  38  db.  The  frequency  response  of  the  system  is 
±2,5  db  from  2  to  25000  cps  and  the  signal  to  noise  ratio  is  60  db,  The  frequency 
ranges  are  0-250,  0-2500,  and  0-25000  cps.  The  automatic  frequency  sweep  drive 
system,  which  also  actuates  the  x-axis  of  the  recorder,  requires  either  11  or  22 
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minutes  to  scan  any  one  frequency  range*  In  the  analyses  presented  in  this  report 
the  longer  sweep  time  was  used  with  the  0-2500  cps  range.  This  permitted  each 
frequency  to  be  in  the  filter  for  5.34  seconds,  providing  a  reasonable  compromise 
between  frequency  resolution  and  statistical  certainty.  The  x-y  recorder  response 
provides  low-pass  filter  action  which  acts  to  smooth  the  curve. 


Figure  11-16.  Narrow  Band  Spectrum  Figure  11-17.  Power  Spectral  Density 

Level  Analysis  System  Analysis  System 
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For  power  spectral  density  (mean- square 
per  unit  bandwidth)  measurements  the  output  of  the 
filter  is  fed  directly  into  the  power  integrator  unit 
and  thence  to  the  recorder.  The  averaging  circuit 
of  the  integrator  is  used  and  the  averaging  time  was 
set  at  six  seconds  ,  Any  longer  time  would  effectively 
widen  the  bandwidth  and  deteriorate  the  response  of 
the  system.  Sound  pressure,  acceleration,  and 
strain  data  were  analyzed. 


Figure  11-18.  Narrow  Band 
Analyzer  System 


4,  Probability  Distribution  Analyzer 

The  purpose  of  this  system  is  to  gather  information  about  number  and 
amplitude  of  signal  peaks  above  or  below  the  signal  rms  value  during  a  given  length 
of  time;  from  this  finformation  probability  distribution  curves  can  be  plotted,  A 
block  diagram  is  shown  in  Figure  11  —  19  - 

The  original  records  on  one-inch  tape  were  transcribed  to  the  1/4  inch 
magnetic  tape  machine  (Ampex  Model  350)  for  loop  operation.  The  amplifier  and 
attenuator  are  used  to  adjust  the  level  of  the  signal  to  0,8  volts  rms,  which  is  read 
on  the  true  rms  meter. 

The  minimum  level  limiter  is  essentially  an  electronic  threshold  or  dead 
zone  analog.  The  data  that  results  from  this  device  has  as  the  Mx,r  axis  quantity 

Peak  /  /C  .  .  r 

RMS  /V  ^  and  probability  of  exceeding  the  peak[P(x)J 

as  the  MyM  coordinate.  The  latter  is  calibrated  by  inserting  a  known  peak  value 
signal  into  the  limiter  and  adjusting  the  bias  of  the  unit  to  pass  peaks  with  ampli¬ 
tudes  just  higher  than  the  peak  of  the  calibrating  signal.  The  length  of  an  individ¬ 
ual  count  is  forty  seconds,  the  output  being  read  on  an  electronic  counter.  The 
frequency  bands  investigated  were  Overall,  75-150,  300-600,  and  1200-2400.  The 
total  count  {zero  threshold)  is  taken  for  each  filter  band  used,  normalizing  each 
of  the  frequency  bands  so  that  their  individual  curves  have  the  same  scaling. 

D.  Results 


A  description  of  the  sound-in-air  data  obtained  is  given  in  this  section. 
These  results  have  been  grouped  in  three  divisions:  free  field  survey  results, 
bounded  field  survey  results,  and  miscellaneous  results.  Free  field  survey 
results  are  derived  from  those  tests  wherein  no  test  structures  were  involved. 
Bounded  field  results  include  all  data  taken  to  define  the  acoustic  pressure  excita¬ 
tion  for  test  structures.  Miscellaneous  results  include  additional  data  taken  in 
conjunction  with  the  above  testing. 
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1*  Free  Field  Survey  Results 

a,  Sound  Pressure  Level  Contours 


The  constant  sound  pressure  level  contour  maps  of  Figures  11-20  and 
11-21,  pages  20  through  27,  were  prepared  using  the  sound  pressure  spectra  data. 
The  level  {re:  ,0002  dynes/cm^)  in  each  octave  band  was  reduced  to  spectrum 
level  by  the  standard  method  (see  Reference  7),  The  sound  field  for  two-engine 
conditions,  namely,  military  and  afterburner,  are  represented  with  distances 
given  in  feet  and  the  equivalent  number  of  nozzle-exit  diameters  which  are  differ¬ 
ent  for  each  engine  condition. 


Broken  portions  of  the  contours  for  some  curves  inside  the  jet  exhaust 
indicate  that  the  curve  shapes  are  not  known  with  certainty  in  those  areas. 
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Figure  II-20a.  Near  Field  Contours  of  Sound  Pressure  Spectrum  Levels 
Frequency  Band  -  Overall  Military 
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RADIAL  distance  from  jet  axis 


AXIAL  DISTANCE  DOWNSTREAM  Of  NOZZLE- EXIT 


Figure  II-ZOe,  Near  Field  Contours  of  Sound  Pressure  Spectrum  Levels 
Frequency  Band  -  4Z0  Military 
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'igure  II-20g, 


AXfAL  DISTANCE  DOWNSTREAM  OF  NOZZLE  “EXIT 

Near  Field  Contours  of  Sound  Pressure  Spectrum  Levels 
Frequency  Band  -  1700  Military 
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Frequency  Band  -  3400  Military 
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AXIAL  DISTANCE  DOWNSTREAM  OF  NOZ2LE  FXIT 

Figure  Il-Zla,  Near  Field  Contours  of  Sound  Pressure  Spectrum  Levels 
Frequency  -  Overall  Afterburner 
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Figure  II-Zlb.  Near  Field  Contours  of  Sound  Pressure  Spectrum  Levels 
Frequency  -  39 
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Figure  II-21c.  Near  Field  Contours  of  Sound  Pressure  Spectrum  Levels 
Frequency  Band  -  105  Afterburner 
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Figure  II-21d.  Near  Field  Contours  of  Sound  Pressure  Spectrum  Levels 
Frequency  Band  -  210  Afterburner 
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AXIAL  DISTANCE  DOWNSTREAM  OF  N022LE-EXJT 

Figure  II-21e,  Near  Field  Contours  of  Sound  Pressure  Spectrum  levels 
Frequency  Band  -  420  Afterburner 
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AXIAL  DISTANCE  DOWNSTREAM  OF  NOZZLE -EXIT 

Figure  II- 2 If*  Near  Field  Contours  of  Sound  Pressure  Spectrum  Levels 
Frequency  Band  -  850  Afterburner 
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AXIAL  DISTANCE  DOWNSTREAM  OF-  NOZZLE- EXIT 

figure  11-21  g,  Near  Field  Contours  of  Sound  Pressure  Spectrum  Levels 
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AXIAL  DISTANCE  DOWNSTREAM  OF  NOZZLE-EXIT 

Figure  II-21h.  Near  Field  Contours  of  Sound  Pressure  Spectrum  Levels 
Frequency  Band  -  3400  Afterburner 
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b.  Narrow  Band  Sound  Pressure  Spectra 


Narrow  Band  (10  cps)  spectra  reduced  to  spectrum  level  (re:  0.0002 
dynes /cm*)  for  the  military  and  afterburner  engine  conditions  are  displayed  in 
Figures  11-22  through  II- 27,  pages  28  through  41,  for  a  variety  of  positions  in 
the  near  sound  field.  Of  these,  Figures  11-22  through  11-23  show  spectra  along  a 


Figure  II-22a.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 

Free  Field  Survey  -  Military 
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Figure  II-22b.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 

Free  Field  Survey  -  Military 
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line  15  feet  from  the  jet  axis  and  parallel  to  it*  Figures  II- 24  and  11-25  include 
positions  along  the  jet  boundary,  while  Figures  11-26  through  11-27  are  spectra 
obtained  along  the  jet  wake  centerline.  Each  curve  is  identified  by  record  num 
ber,  test  and  engine  condition,  and  microphone  location  in  feet  and  equivalent 
nozzle-exit  diameters*  Overall  sound  pressure  levels  are  also  given  for  each 
spectrum. 


FREQUENCY  IN  CYCLES  PER  SECOND 

Figure  II-23a.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 

Free  Field  Survey  -  Afterburner 
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SPECTRUM  PRESSURE  LEVEL  DBfre:  0,0002  dynes /cm*)  SPECTRUM  PRESSURE  LEVEL  DBfre:  0*  0002  dynes /cm 


Figure  II-23b.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 

Free  Field  Survey  ~  Afterburner 
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Figure  II-23c.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 

Free  Field  Survey  -  Afterburner 
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SPECTRUM  PRESSURE  LEVEL  DB(re;  0.  0002  dynes/cm2}  SPECTRUM  PRESSURE  LEVEL  DB(re;  (L  0002  dynei/cm^ 


Axial  Distance  Downstream  from  Nozzle-  Exit  -  0  Feet;  0  Nozzle- Exit  Diameters 
Radial  Distance  from  let  Axis  -  2  Feet;  1.11  Nozzle-Exit  Diameters 
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Figure  II-24a.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 

Free  Field  Survey  -  Military 


Axial  Distance  Downstream  from  Nozzle-Exit  -  2  Feet;  L1I  Nozzle-Exit  Diameters 
Radial  Distance  from  Jet  Axis  -  3  Feet;  1.  67  Nozzle- Exit  Diameters 
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Figure  II-24b, 


Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 
Free  Field  Survey  -  Military 
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SPECTRUM  PRESSURE  LEVEL,  DB(re;  0,  0002  dynes /cm*)  SPECTRUM  PRESSURE  LEVEL  DB(re:  0,  0002  dynes /cm 


Free  Field  Survey  -  Military 
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Figure  II-24d,  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 

Free  Field  Survey  -  Military 
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SPECTRUM  PRESSURE  LEVEL  DBfre:  0,  0002  dyn*s/cm2)  SPECTRUM  PRESSURE  LEVEL  D B(re:  0.0002  dynes/cm 


Figure  II-24e,  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 

Free  Field  Survey  -  Military 
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Figure  II-24L 


Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 
Free  Field  Survey  -  Military 
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SPECTRUM  PRESSURE  LEVEL  DB{re-  0,0002  dynes/cm 


400 


600  800  1000  U00  1400 

FREQUENCY  TN  CYCLES  PER  SECOND 


Figure  II-24g.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 

Free  Field  Survey  -  Military 


Figure  25a. 


Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 
Free  Field  Survey  -  Afterburner 
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SPECTRUM  PRESSURE  LEVEL  DBfre:  0.  0002  dyneB /cm2)  SPECTRUM  PRESSURE  LEVEL  DB(rei  0.  0002  dynes/ 


Figure  II-2  5bP  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 

Free  Field  Survey  -  Afterburner 
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Figure  II~25c,  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 

Free  Field  Survey  -  Afterburner 
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SPECTRUM  PRESSURE  LEVEL  DHfre:  0,0002  dvnes/cm2}  SPECTRUM  PRESSURE  LEVEL  DB(re:  0*  0002  dynes/cm 
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Figure  II-25d.  Narrow  Band  {10  cps)  Analysis  of  Sound  Pressure  Levels 

Free  Field  Survey  -  Afterburner 


FREQUENCY  IN  CYCLES  PER  SECOND 


Figure  II-25e.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 

Free  Field  Survey  -  Afterburner 
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SPECTRUM  PRESSURE  LEVEL  DBfre:  0.  0002  dynes /cm2)  SPECTRUM  PRESSURE  LEVEL  DBfre:  0,  0002  dynes /cm 
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Figure  II- Z5£*  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 

Free  Field  Survey  -  Afterburner 


Figure  II-Z5g*  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 

Free  Field  Survey  -  Afterburner 
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SPECTRUM  PRESSURE  LEVEL,  DB(re:  0,0002  dynes /cm^)  SPECTRUM  PRESSURE  LEVEL  DBfre:  0.  0002  dynes/cm 


Figure  II- 26a.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 

Jet  Wake  Survey  -  Military 


Figure  II- 2 6b.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 

Jet  Wake  Survey  -  Military 
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SPECTRUM  PRESSURE  LEVEE  DB(rr.  0.0002  dynes icm^] 
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Radial  Distance  from  Jet  Axis  -  0  Feet;  0  Nozzle -Exit  Diameters 
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Figure  II«26c.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 

Jet  Wake  Survey  -  Military 
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Figure  II-26d, 


Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 
Jet  Wake  Survey  -  Military 
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Figure  II-27a.  Narrow  Band  {10  cps)  Analysis  of  Sound  Pressure  Levels 

Jet  Wake  Survey  -  Military 
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Figure  II-27b.  Narrow  Band  {10  cps)  Analysis  of  Sound  Pressure  Levels  - 

Jet  Wake  Survey  -  Afterburner 
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Axial  Distance  Downstream  from  Nozzle- Exit  -  BO  Feet;  35.  5  Nozzle- Exit  Diameters  , 
Radial  Distance  from  Jet  Axis  -  0  Feet;  0  Nozzle-Exit  Diameter# 
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Figure  II-27c,  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 

Jet  Wake  Survey  -  Afterburner 


c .  Probability  Distribution  of  Amplitudes 

Probability  distribution  of  amplitude  for  several  free  field  locations  both 
inside  and  outside  the  jet  for  two-engine  conditions,  military  and  afterburner,  are 
shown  in  Figures  H-28  through  11-31,  pages  42  through  45*  Each  graph  shows 
the  probability  distribution  for  the  overall  and  three  octave  bands  of  sound  pres¬ 
sures.  The  distributions  are  uniquely  identified  by  test  and  engine  condition,  free 
field  location,  and  record  number.  An  analysis  of  these  and  other  distributions,  in 
terms  of  a  Rayleigh  distribution,  is  given  in  Table  II-7, 

This  table  shows  values  of  &  ,  2  o~  ,  and  3  <?  ,  as  well  as  the  ratios  of 
these  quantities  as  determined  from  the  appropriate  distribution  curve.  (The 
average  bar  indicates  an  average  value  for  all  four  curves  on  a  distribution  graph,) 
These  quantities  are  the  values  along  the  distribution  abscissa  for  ordinate  values 
of  0,607,  0.135,  and  0.012  which  correspond  to  ,  2  <r  f  and  3cr  ,  respectively, 
for  a  theoretical  Rayleigh  distribution.  For  a  detailed  discussion  of  the  properties 
of  a  Rayleigh  distribution  see  Reference  5  or  6, 
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TABLE  11-7 


ANALYSIS  OF  PROBABILITY  DISTRIBUTION  OF  PRESSURE  AMPLITUDES 
ASSUMING  A  RAYLEIGH  DISTRIBUTION 


Data 

Record  No, 

E 

IE 

IE 

IE7E 

WE 

Distribution  Graph  No, 

X 

V 

Free  Field  Survey 

M 

25 

15 

061 159-1005 

0.  82 

1.98 

2.97 

2,42 

3.62 

3 

M 

n 

15 

1006 

0.71 

1.90 

2.84 

2,  68 

4,00 

4 

M 

IS 

15 

1008 

0.79 

1.92 

2.97 

2.43 

3.76 

5 

M 

0 

15 

100? 

0,73 

1.87 

3,  10 

2.57 

4,25 

6 

A/B 

0 

15 

0  1 1559-3008 

0.79 

1.98 

2,90 

2.  50 

3,77 

7 

A/B 

15 

15 

1012 

0.87 

2,03 

3,  10 

2.33 

3*55 

8 

A/B 

35 

15 

3008 

0.  7t 

1.97 

2,96 

2.52 

3.90 

10 

Jet  Wake 

A/B 

00 

0 

032559-1004 

0.99 

2.  25 

3,  50 

2,  27 

3.53 

A/B 

40 

0 

2011 

1.  10 

2.  50 

3,44 

2.  27 

3.  13 

M 

50 

0 

2006 

1,0  9 

2,37 

3.44 

2,34 

3.44 

M 

80 

0 

1003 

1.05 

2.34 

3.50 

2,  23 

3.33 

A/B 

60 

0 

1010 

1.07 

2,31 

— 

2.20 

Rigid  Panel 

M 

us 

032759-1009 

0.85 

1,84 

3.26 

2,  16 

3.83 

15 

A/B 

us 
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0.62 

1.40 

2.  26 

2.  26 

3.64 

M 

DS 

020959-1007 

0,82 

2,  !0 

3.10 

2,  56 

4.  15 

17 

A/B 

DS 

1008 

0.85 

2. 10 

3,40 

2,47 

4.00 

10 

Panel  A 

M 

US 

040 159- 100? 

0,  74 

1,87 

2.76 

2,52 

3,73 

19 

A/B 

us 

1010 

0,  90 

2.  10 

3.20 

2.33 

3,  55 

20 

M 

DS 

031659-1010 

0,79 

2,  12 

2.  90 

2.68 

3,77 

21 

A/B 

DS 

1011 

0.79 

1.98 

3.26 

2.50 

4*  12 

22 

Free  Field  at  Panel 

M 

US 

032559- L009 

0.85 

2.  10 

3.  54 

2,47 

4,  16 

11 

A/B 

US 

1010 

0.85 

2.20 

3.54 

2.59 

4,  16 

12 

M 

DS 

021759-1009 

0.05 

2.20 

3,  54 

2.59 

4.  16 

13 

A/B 

DS 

1010 

0.85 

2.20 

3,54 

2.59 

4. 16 

14 

Notes: 

US  -  Upstream  Boundary  Site 
DS  -  Downstream  Boundary  Site 
M  -  Military  Engine  Condition 
A/B  -  Afterburner  Engine  Condition 
X,  Y  -  Field  Coordinates  in  Feet 

X  -  Distance  from  Nozzle- Exit;  V  ■  Distance  from  Jet  Centerline 
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Figure  II-28c.  Probability  Distribution 
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Free  Field  Survey  -  Military 
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Figure  II-Z8d.  Probability  Distribution 
of  Pressure  Amplitudes  - 
Free  Field  Survey  -  Military 
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Figure  II- 30a,  Probability  Distribution 
of  Pressure  Amplitudes 
Jet  Wake  Survey  -  Military 
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Figure  II-30b.  Probability  Distribution 
of  Pressure  Amplitudes  - 
Jet  Wake  Survey  -  Military 


Figure  II-31a,  Probability  Distribution 
of  Pressure  Amplitudes  - 
Jet  Wake  Survey  -  Afterburner 
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Figure  II-3Ib,  Probability  Distribution 
of  Pressure  Amplitudes  - 
Jet  Wake  Survey  -  Afterburner 
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Figure  II- 31c,  Probability  Distribution 
of  Pressure  Amplitudes  - 
Jet  Wake  Survey  -  Afterburner 


2.  Bounded  Field  Survey  Results 


a*  Space- Phase  Correlation 


The  tabulated  space -phase  correlation  coefficients  have  been  plotted  as 
cor relo grams  for  certain  of  the  1/3  octave  band  filter  center  frequencies:  over¬ 
all,  100,  200,  320,  400,  500,  640,  and  1000  cps.  These  are  shown  in  Figures 
II« 32  through  11-35,  pages  46  through  58:  Longitudinal  Sound  Pressure  Correla¬ 
tion  for  the  Free  Field,  Flat  Panel  A,  Rigid  Panel,  and  Curved  Panel  A,  respec¬ 
tively,  In  these  figures,  the  correlation  coefficients  are  plotted  as  both  functions 
of  distance  and  equivalent  nozzle-exit  diameters.  There  are  eight  graphs  for  each 
of  the  free  field,  flat  panel  A,  and  rigid  panel  boundary  conditions  displaying  cor¬ 
relation  for  two-engine  conditions:  military  and  afterburner;  two  boundary  sites: 
upstream  and  downstream;  and  two  longitudinal  survey  lines;  C  and  D  (referred 
to  the  panel  coordinate  system  of  Figure  H-6,  page  9). 
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Figure  II-32a,  Longitudinal  Sound  Pressure  Correlation: 

Free  Field  -  Military  -  Survey  Line  C  -  Upstream  Site 
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Figure  U-32b.  Longitudinal  Sound  Pressure  Correlation: 

Free  Field  -  Military  -  Survey  Line  D  -  Upstream  Site 
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Figure  II-32c.  Longitudinal  Sound  Pressure  Correlation: 

Free  Field  -  Military  -  Survey  Line  C  -  Downstream  Site 


4  4  4  1  4  4  4  4  4 

0  OZ  0  4  0  6  0  6  ID  I Z  i  A  16 

RATIO  Of  MICROPHONE  SEPARATION  TO  NOZZLE  -  EXIT  DIAMETER 

Figure  II-32cL  Longitudinal  Sound  Pressure  Correlation 

Free  Field  -  Military  -  Survey  Line  D  -  Downstream  Site 
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Figure  XI-32e.  Longitudinal  Sound  Pressure  Correlation 

Free  Field  -  Afterburner  -  Survey  Line  C  -  Upstream  Site 
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Figure  II-32£,  Longitudinal  Sound  Pressure  Correlation 

Free  Field  -  Afterburner  -  Survey  Line  D  -  Upstream  Site 
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Figure  II-32g.  Longitudinal  Sound  Pressure  Correlation 

Free  Field  -  Afterburner  -  Survey  Line  C  -  Downstream  Site 
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Figure  II-32h.  Longitudinal  Sound  Pressure  Correlation 

Free  Field  -  Afterburner  -  Survey  Line  D  -  Downstream  Site 
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Figure  II- 33a.  Longitudinal  Sound  Pressure  Correlation 

Flat  Panel  A  -  Military  -  Survey  Line  C  -  Upstream  Site 
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Figure  II- 33b.  Longitudinal  Sound  Pressure  Correlation 

Flat  Panel  A  -  Military  -  Survey  Line  D  -  Upstream  Site 
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COAflELATlON  COEFFICIENT  CORRELATION  COEFFICIENT 
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Figure  II- 33c*  Longitudinal  Sound  Pressure  Correlation 

Flat  Panel  A  -  Afterburner  -  Survey  Line  C  -  Upstream  Site 
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Figure  II- 3 3d.  Longitudinal  Sound  Pressure  Correlation 

Flat  Panel  A  -  Afterburner  -  Survey  Line  D  -  Upstream  Site 
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Figure  II-33e.  Longitudinal  Sound  Pressure  Correlation 

Flat  Panel  A  -  Afterburner  -  Survey  Line  C  -  Downstream  Site 
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Figure  II-33L  Longitudinal  Sound  Pressure  Correlation 

Flat  Panel  A  -  Military  -  Survey  Line  C  -  Downstream  Site 
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CORRELATION  COEFFICIENT  CORRELATION  COEFFICIENT 
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Figure  II-33g.  Longitudinal  Sound  Pressure  Correlation 

Flat  Panel  A  -  Military  -  Survey  Line  D  -  Downstream  Site 
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Figure  II-33h.  Longitudinal  Sound  Pressure  Correlation 
Flat  Panel  A  -  Afterburner  -  Survey  Line  D  -  Downstream  Site 
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CORRELATION  COEFFICIENT 


k  1  A  ill  114 

o  0  2  0  4  0  6  oa  IO  12  14  IE 

RATIO  Of  MICROPHONE  SEPARATION  TO  NOZZLE -EXIT  DIAMETER 


Figure  II- 34a.  Longitudinal  Sound  Pressure  Correlation 

Rigid  Panel  -  Military  -  Survey  Line  C  -  Upstream  Site 
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Figure  II- 34b.  Longitudinal  Sound  Pressure  Correlation 

Rigid  Panel  -  Military  -  Survey  Line  D  -  Upstream  Site 
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CORRELATION  COEFFICIENT  CORRELATION  COEFFICIENT 


0  4  6  1?  16  20  24  26  32  3fl 


MICROPHONE  SEPARATION  IN  INCHES 

4*4*4*111 

o  Q.£  0  4  0.e  0,6  1,0  EZ  1.4  1.6 

RATIO  Of  MICROPHONE  SEPARATION  TO  NOZZLE  “  EXIT  DIAMETER 


Figure  II-34c,  Longitudinal  Sound  Pressure  Correlation 

Rigid  Panel  -  Military  -  Survey  Line  C  -  Downstream  Site 
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Figure  II~34d+  Longitudinal  Sound  Pressure  Correlation 

Rigid  Panel  -  Military  -  Survey  Line  D  -  Downstream  Site 
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CORBEL  AT  l  ON  COEFFICIENT  CORBEL  AT  ION  COEFFICIENT 
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Figure  II-34e.  Longitudinal  Sound  Pressure  Correlation 
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Figure  II-34L  Longitudinal  Sound  Pressure  Correlation 

Rigid  Panel  -  Afterburner  -  Survey  Line  D  -  Upstream  Site 
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CORRELATION  COEFFICIENT  CORRELATION  COEFFICIENT 
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Figure  II-34g.  Longitudinal  Sound  Pressure  Correlation 

Rigid  Panel  -  Afterburner  -  Survey  Line  C  -  Downstream  Site 
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Figure  II-34H.  Longitudinal  Sound  Pressure  Correlation 

Rigid  Panel  -  Afterburner  -  Survey  Line  D  -  Downstream  Site 
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MICROPHONE  REPARATION  (N  INCHES 
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Figure  11-35*  Longitudinal  Sound  Pressure  Correlation 

Curved  Panel  A  -  Afterburner  - 
Survey  Line  C  -  Downstream  Site 

The  correlation  coefficients  for  both  survey  lines  C  and  D  are  referred 
to  panel  boundary  coordinates  3C;  that  is*  each  coefficient  was  computed  using 
the  signal  from  the  microphone  at  position  3C*  Figure  11-35  shows  the  correla¬ 
tion  coefficients  for  curved  panel  A  along  longitudinal  survey  line  C  at  the  down¬ 
stream  site  for  the  afterburner  condition  only.  Initial  zero  crossing  of  the  corre¬ 
lation  curves  as  a  function  of  frequency  is  shown  in  Figure  11-36,  Comparison  of 
correlation  curves  for  various  test  conditions  and  selected  frequencies  are  dis¬ 
played  in  Figures  11-37  and  11-38*  Figure  11-37  compares  correlations  for  three 
1/3  octave  filter  bands  with  center  frequencies,  100,  320  and  1000  cps  by  boundary 
condition  for  each  site  and  engine  condition.  The  first  four  parts  of  this  figure 
compare  correlations  for  the  free  field,  flat  panel  A  and  the  rigid  panel.  Part 
Five  displays  correlation  for  the  flat  and  curved  A  type  panels.  Figure  11-38  com¬ 
pares  correlations  for  the  two  survey  lines  C  and  D,  each  for  two  frequencies, 
again  by  boundary  and  engine  conditions. 


In  Figures  II- 32a  and  II-32e  no  data  is  available  beyond  24  inches  from 
the  reference  position  due  to  malfunction  of  an  amplifier  in  one  data  channel*  Fig¬ 
ures  II-32c,  e,  and  g  lack  correlation  values  for  the  reference  position  by  virtue 
of  a  computer  programming  error,  but  this  value  may  be  assumed  unity  since 
this  value  would  obtain  for  the  reference  microphone  correlated  with  itself* 
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Figure  II-36a,  Initial  Zero  Crossing 
of  Correlation  Curves 
Survey  Line  C 


Figure  II-36b,  Initial  Zero  Crossing 
of  Correlation  Curves 
Survey  Line  D 
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MICROPHONE  SEPARATION  FOR  INITIAL  ZERO  -  CROSSING  OF  CORRELATION  CURVES  IN  NOZZLE  “EXIT  DIAMETERS 
(MIL  If  art)  (af  TER  Soft  NE  fl) 


AXIAL  DISTANCE  DOWNSTREAM  40 1  TEET,  22  2  NOZZLE  -  EXIT  DIAMETERS 
DOWNSTREAM  site 


Figure  II-36c,  Initial  Zero  Crossing 
of  Correlation  Curves 
Survey  Line  C 


Figure  II-36eL  Initial  Zero  Crossing 
of  Correlation  Curves 
Survey  Line  D 
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MICROPHONE  separation  in  INCH£  a 


Figure  II -37a*  Comparison  of  Longitudinal  Correlation  Coefficients 
Survey  Line  C  -  Military  -  Upstream  Site 


Figure  IL37c.  Comparison  of  Longitudinal  Sound  Pressure  Correlations 
Survey  Line  C  -  Military  -  Downstream  Site 
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UiCBOPHOhlE  SEPARATION  IN  INCHES 

Figure  II-37d,  Comparison  of  Longitudinal  Correlation  Coefficients 


microphone  separation  in  inches 

Figure  II-37e.  Comparison  of  Longitudinal  Correlation  Coefficients 


Flat  Panel  A  -  Military  -  Upstream  Site 
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Figure  II- 3 8b.  Comparison  of  Longitudinal  Correlation  Coefficients 
Flat  Panel  A  -  Afterburner  -  Upstream  Site 


Flat  Panel  A  -  Military  -  Downstream  Site 


Flat  Panel  A  -  Afterburner  -  Downstream  Site 
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b.  Sound  Pressure  Spectra 


Narrow  band  (10  cps)  sound  pressure  spectra  for  three  boundary  condi¬ 
tions,  i*  e*,  free  field  at  the  panel  site,  flat  panel  A  and  rigid  panel,  are  shown  in 
Figures  11-39,  II -40  and  11-41,  pages  66  through  71,  respectively*  The  ordinate 
of  these  curves  gives  spectrum  level  in  decibels  (i,  corrected  to  1  cps  band¬ 

width  re:  0,0002  dynes/cm^).  Four  curves  are  given  for  each  figure,  two  for  each 
boundary  site:  upstream  and  downstream;  two  for  engine  conditions:  military  and 
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afterburner.  To  facilitate  comparisons,  these  spectra  have  been  redrawn  in  Fig¬ 
ure  11-42,  pages  72  and  73,  in  groups  of  panel  conditions  by  test  site  and  engine 
condition.  Spatial  averages  and  comparisons  of  sound  spectrum  pressure  levels, 
neglecting  correlation  for  three  boundary  conditions  and  two  engine  conditions  are 
tabulated  in  Table  II -8  for  the  upstream  boundary  and  in  Table  II -9  for  the  down¬ 
stream  boundary.  The  tables  of  comparison  show  the  average  sound  level  increase 
in  decibels  produced  by  the  rigid  panel  and  flat  panel  A  above  the  sound  level  for 
the  free  field  at  the  panel  condition. 
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SPECTRUM  PRESSURE  LEVEL  DB(re:  0.  0002  dynes  /  cW)  SPECTRUM  PRESSURE  LEVEL  DB(re'  0.  0002  dynes/cmZ ) 


Figure  II-39a,  Narrow  Band  {10  cps}  Analysis  of  Sound  Pressure  Levels 

Free  Field  -  Military 
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Figure  II-39b.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 

Free  Field  -  Afterburner 
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SPECTRUM  PRESSURE  LEVEL  DB(re:  0.  OQOZ  dynes /cm2)  SPECTRUM  PRESSURE  LEVEL  DBfre:  0+  0002  dyne»/cm^J 
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Figure  II-39c*  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 

Free  Field  -  Military- 


Figure  II-39d.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 

Free  Field  -  Afterburner 
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SPECTRUM  PRESSURE  LEVEL  DB(re:  0.0002  dynes/cm^  SPECTRUM  PRESSURE  LEVEL  DB(re:  0.0002  dynes /cm?) 
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Figure  II-40a,  Narrow  Band  (10  eps}  Analysis  of  Sound  Pressure  Bevels 

Flat  Panel  A  -  Military 


Figure  IB 40b.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 

Flat  Panel  A  -  Afterburner 
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SPECTRUM  PRESSURE  LEVEL  DB|fc:  0,  0002  dyneH/cm2}  SPECTRUM  PRESSURE  LEVEL  DB(rei  0.0002  dynea/cm^) 
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Figure  II-40c.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 

Flat  Panel  A  -  Military 
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Figure  II-40d.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Bevels 

Flat  Panel  A  -  Afterburner 
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Figure  II-41a.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 

Rigid  Panel  -  Military 


Figure  II“41b,  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 

Rigid  Panel  -  Afterburner 
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SPECTRUM  PRESSURE  LEVEL  DB( ret  0,0002  dyncs/cmZ)  SPECTRUM  PRESSURE  LEVEL  DB(rt?:  0.0002  dynes /cm*) 


Figure  II-41c.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 

Rigid  Panel  -  Military 


Figure  II-4id.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels 

Rigid  Panel  -  Afterburner 
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Figure  II-42a.  Comparison  of  Sound  Pressure  Spectra 

Upstream  Site  -  Military 
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Figure  II~42b,  Comparison  of  Sound  Pressure  Spectra 

Upstream  Site  -  Afterburner 
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SPECTRUM  PRESSURE  LEVEL  OB  C  re  0.0002  OTNE5/CM23  SPECTRUM  PRESSURE  LEVEL  D0  ere  :  OjOOOZ  DnrNES/CM 


Figure  11-42 c.  Comparison  of  Sound  Pressure  Spectra 

Downstream  Site  -  Military 


Figure  II-42d,  Comparison  of  Sound  Pressure  Spectra 

Downstream  Site  -  Afterburner 
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c. 


Probability  Distribution  of  Pressure  Amplitude 


Probability  distributions  of  pressure  amplitudes  for  free  field  at  the  panel* 
flat  panel  A,  and  rigid  panel  are  shown  in  Figures  11-43,  11-44  and  11-45*  pages  75 
through  77*  respectively.  The  distributions  are  for  three  octave  bands  and  the 
overall  signal  for  two-engine  conditions  and  two  boundary  sites.  An  analysis  of 
these  distributions  is  given  in  Table  II-7*  page  4Z. 

3.  Miscellaneous  Results 


Table  II-10  gives  the  range  of  overall  sound  pressure  levels  obtained  at 
the  free  field  monitor  microphone  during  each  test  series.  The  range  as  used  here 
is  the  difference  between  the  maximum  and  minimum  levels  observed. 

Maximum  observed  jet  wake  probe  temperature  in  degrees  F  by  record 
number,  engine  condition  and  probe  position  are  given  in  Table  II  —  1 1  * 


TABLE  LI- 10 


RANGE  OF  OVER  ALL  SOUND  PRESSURE  LEA  ELS  AT 
THE  FREE  FI  Ell?  MONITOR  MICROPHONE 


Teat 

kjnjjf  (Decibels } 

RPM  100 

Military 

After  burnt  r 

Frtf  Field  Survey 

' 

1 

i 

Ri^c ltd  Panel 

Downstream 

- 

5 

3 

Up  it  ream 

- 

2 

5 

Fiat  Panel  A  Correlation 

[J  own  b  t  rea  m 

- 

l 

0 

Upstream 

5 

3 

Flat  Panel  A  Hr  a  poo  nr 

- 

\ 

0 

Free-  Field  at  the  Panel 

Downstresnt 

- 

l 

1 

Upstream 

* 

3 

5 

Curved  Panel  A 

Downs!  rea  m 

I 

- 

0 

Flat  Panel  V 

* 

0 

Flat  Panel  D 

- 

0 

0 

Flat  Panel  E 

- 

0 

0 

Curved  Panel  R 

- 

0 

0 

Curved  Panel  D 

0 

- 

0 

(Mean  Levels  of  All  Teats  j 

5 

4 

4 

TABLE  11- H 


JET  WAKE  PROBE  MAXIMUM  TEMPERATURES 

Record  Number 

Engine 
Cundlli  en 

Petition 

(Fret| 

Maximum  Temperature 
in  Degrees  F . 

035559-  1003 

Military 

00.0 

93 

1004 

After  bume  r 

isa 

1005 

Military 

80.  5 

94 

100b 

Aflerburne  r 

165 

tOOT 

Military 

60,  10 

8  5 

1008 

Aitrt-bu  rne  r 

155 

1009 

Mi  Lila  ry 

60,0 

no 

1010 

Af  te  rbu  rne  r 

550 

1011 

Military 

60f  5 

— 

1015 

Aft  n  r  bu  r  Or  r 

510 

035559-5004  i 

Military 

60,  ]0 

80 

5005 

Af  te  r  hu  t  tii>  jr 

no 

5006 

Military 

50,0 

150 

2007 

Aflerbu  rnrr 

550 

3008 

Military 

50,  5 

9b 

5009 

Aft e rbu  rne r 

155 

5010 

M 1 1  it  a  .ry 

40,0 

14  £1 

50U 

Afte  rburne  r 

300 

5015 

Milita  ry 

40.5 

80 

2013 

Afterburner 

too 

_ 1 
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Figure  II-43a, 
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Figure  II-43c.  Probability  Distribution 
of  Pressure  Amplitudes  - 
Free  Field  at  the  Panel  - 
Afterburner  -  Upstream 
Panel  Site 


Figure  II- 43d*  Probability  Distribution 
of  Pressure  Amplitudes  - 
Free  Field  at  the  Panel  - 
Afterburner  -  Downstream 
Panel  Site 
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Figure  II-44a.  Probability  Distribution 
of  Pressure  Amplitudes  - 
Flat  Panel  A  -  Military  - 
Upstream  Panel  Site 


PHOB  AB4L  PT  V  DcJT  RpBLP  T>DN  -  GRAPH  20 


Figure  II-44c*  Probability  Distribution 
of  Pressure  Amplitudes  - 
Flat  Panel  A  -  Afterburner  - 
Upstream  Panel  Site 


Figure  II- 44b.  Probability  Distribution 
of  Pressure  Amplitudes  - 
Flat  Panel  A  -  Military  - 
Downstream  Panel  Site 
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Figure  IF44d.  Probability  Distribution 
of  Pressure  Amplitudes  - 
Flat  Panel  A  -  Afterburner  - 
Downstream  Panel  Site 
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Figure  II-45a-  Probability  Distribution 
of  Pressure  Amplitudes  - 
Rigid  Panel  -  Military  - 
Upstream  Panel  Site 


Figure  II- 45b-  Probability  Distribution 
of  Pressure  Amplitudes  - 
Rigid  Panel  -  Military  - 
Downstream  Panel  Site 
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Figure  II-45c.  Probability  Distribution 
of  Pressure  Amplitudes  - 
Rigid  Panel  -  Afterburner  - 
Upstream  Panel  Site 


Figure  II-45d.  Probability  Distribution 
of  Pressure  Amplitudes  - 
Rigid  Panel  -  Afterburner  - 
Downstream  Panel  Site 
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Results  of  a  test  to  determine  the  effect  of  placing  the  microphones  in 
front  of  the  test  panel  boundaries  are  shown  in  Figure  11-46*  This  figure  shows 
spectra  obtained  simultaneously  with  one  microphone  in  the  holding  frame  in  front 
of  the  rigid  panel  and  another  mounted  flush  with  the  panel  surface*  Figure  11-47 
is  a  plot  of  the  ratio  of  mean  square  pressures  of  these  two  microphones  as  a 
function  of  wavelength  of  sound  in  air. 
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Figure  II-46b,  Narrow  Band  Analysis  (10  cps)  of  Sound  Pressure  Levels  - 
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Figure  11-47 
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Sound  pressure  levels  measured  inside  the  panel  backing  chamber  for  two 
chamber  volumes,  along  with  simultaneous  measurements  at  the  exterior  surface 
of  flat  panel  A  are  shown  in  Figure  11-48,  pages  80  through  83,  for  the  afterburner 
engine  condition.  These  curves  have  been  replotted  for  comparison  in  Figure  11-49, 
page  84, 


Normal  Volume  Test  -  Afterburner  -  Microphone  Coordinate  7 D  Outside 
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Figure  II-48b.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 
Normal  Volume  Test  -  Afterburner  -  Microphone  Coordinate  4D  Outside 
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figure  II-48c,  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 
Normal  Volume  Test  -  Afterburner  -  Microphone  Coordinate  7D  Inside 


Figure  II-48d.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 
Normal  Volume  Test  -  Afterburner  -  Microphone  Coordinate  4D  Inside 
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SPECTRUM  PRESSURE  LEVEL  DB(re:  0,0002  dynea/cm*)  SPECTRUM  PRESSURE  LEVEE  DB{rci  0,0002  dynea/cm 


Figure  II-48e.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 
Minimum  Volume  Test  -  Afterburner  -  Microphone  Coordinate  7D  Outside 


Figure  H-48f.  Narrow  Band  (10  cps)  Analysis  of  Sound  Pressure  Levels  - 
Minimum  Volume  Test  -  Afterburner  -  Microphone  Coordinate  4D  Outside 
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SPECTRUM  PRESSURE  LEVEL,  DBfre:  0.0002  dynes /cm2)  SPECTRUM  PRESSURE  LEVEL  DB(t*e:  0,0002  dynes /cm2 


Figure  II-48g,  Narrow  Band  (10  cps}  Analysis  of  Sound  Pressure  Levels  - 
Minimum  Volume  Test  -  Afterburner  -  Microphone  Coordinate  7D  Inside 
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Figure  II  4 8 hi  1^3. r r o w  Ba.nd  iI0  cps)  Ana. lysis  of  Sound  Pressure  Levels  — 
Minimum  Volume  Test  -  Afterburner  -  Microphone  Coordinate  4D  Inside 
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Figure  II-49a.  Comparison  of  Sound  Pressure  Spectra  -  2  Volume  Test 

Normal  Volume  -  Afterburner  -  Downstream  Site 


Figure  II-49b.  Comparison  of  Sound  Pressure  Spectra  -  Z  Volume  Test 

Minimum  Volume  -  Afterburner  *  Downstream  Site 
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Ei  Accuracy  of  the  Data 


Accuracy  considerations  have  been  discussed  in  Section  II-C  above  for 
the  data  processing  systems.  However,  several  other  possible  sources  of  error 
remain  and  these  are  the  subject  of  this  section  of  the  report. 

I.  Microphones  (Altec  Lansing) 


Sources  of  error  for  microphones  include  atmospheric  effects,  load  cir¬ 
cuitry  and  calibration. 

To  eliminate  as  many  of  these  sources  of  error  as  possible,  a  daily  rou¬ 
tine  was  established  to  insure  adequate  maintenance  of  the  field  test  equipment 
including  all  microphones  and  recording  equipment.  This  routine  consisted  of  a 
system  calibration  check  using  an  acoustic  calibrator  (Altec  Lansing  Type  12185} 
providing  a  known  acoustic  input  to  the  microphone.  Overall  system  calibration 
was  then  determined  by  measuring  the  input  signal  to  the  tape  recorder.  In  addi¬ 
tion,  the  test  signal  waveform  was  monitored  with  an  oscilloscope  to  detect  exces¬ 
sive  noise  or  distortion. 

The  microphones  were  fitted  with  windscreens  and  heavy  duty  pre-am¬ 
plifier  cases  to  minimize  wind  and  microphonic  tube  noise*  Field  tests  of  the 
microphones  indicate  an  overall  wind  noise  improvement  of  10  to  15  db  with  the 
windscreens.  Tests  with  and  without  the  heavy  duty  microphone  bases  showed  an 
overall  improvement  of  10  db.  Measurement  of  the  output  of  capped  and  uncapped 
microphones  at  overall  sound  pressure  levels  of  150  db  (re:  0.0002  dynes /cm^} 
showed  the  signal  to  be  at  least  30  db  above  the  internal  noise  level  of  the  micro¬ 
phone  systems  when  using  the  heavy  duty  pre-amplifier  cases  and  windscreens. 

Microphones  were  calibrated  for  three  conditions:  free  field  grazing 
incidence,  free  field  normal  incidence,  and  pressure  coupler.  Free  field  calibra¬ 
tions  were  performed  in  an  anechoic  room.  A  W.  E.  64QAA  microphone  was 
employed  as  the  reference  standard.  The  results  were  averaged  to  provide  a 
single  calibration  factor, 

2.  Microphones  (Photocon  Research  Products) 


Laboratory  calibration  was  accomplished  with  a  static  pressure  calibra¬ 
tor  of  the  precision  manometer  type  and  an  electro-acoustic  plane  wave  tube  capa¬ 
ble  of  producing  sound  pressure  levels  up  to  150  db  (re:  0.0002  dynes /cm^).  No 
facilities  are  presently  available  in  this  laboratory  to  permit  calibration  at  other 
than  room  temperature.  However,  all  available  data  (Reference  1)  indicates  good 
temperature  stability  with  the  water  cooling  system  used, 

3,  Amplifying-Recording-  Playback  System 


As  was  noted  previously,  routine  acoustic  calibration  checks  were  per¬ 
formed  on  the  measuring  system  including  all  amplifiers,  attenuators,  and  micro¬ 
phones,  Each  channel  of  every  reel  of  magnetic  tape  was  likewise  calibrated  with 
a  known  electrical  signal.  Known  acoustic  signals  were  also  recorded  on  one  tape 
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through  the  complete  measuring  system  and  processed  through  the  data  processing 
computer  to  obtain  a  complete  system  performance  check.  The  complete  system 
calibration  check  agreed  with  the  known  input  signals  within  1  db. 

4.  Data  Plotting 

When  manual  data  plotting  consists  only  of  converting  numbers  into  cor¬ 
responding  points  on  a  graph,  only  very  small  errors  are  usually  involved.  This 
is  the  case  with  the  data  in  this  report  with  the  exception  of  the  constant  sound 
pressure  level  contours.  In  this  case  it  was  necessary  to  interpolate  the  results 
in  order  to  obtain  constant  level  contours  at  prescribed  values.  It  is  estimated 
that  this  interpolation  probably  introduces  errors  as  large  as  3  or  4  db  in  some 
portions  of  these  curves. 

F.  Discussion  of  Results 


The  purpose  of  the  noise  field  measurements  was  to  define  the  acoustic 
environment  of  the  test  structures  and  not  to  develop  or  test  a  theory  of  jet  noise 
generation.  Therefore,  most  of  the  discussion  in  this  section  is  limited  to  inter¬ 
pretations  based  on  presently  available  theory  and  comparison  with  the  results 
obtained  by  previous  investigators. 

1.  The  Free  Field  Survey 


Results  obtained  in  the  free  field  survey  including  constant  sound  pres¬ 
sure  level  contours,  spectra  and  probability  distribution  of  amplitude  are  dis¬ 
cussed  in  this  section. 

a,  Sound  Pressure  Level  Contours 

The  constant  sound  pressure  level  contours  of  Figures  11-20  and  11-21 
exhibit  the  now  well  known  form  of  the  near  noise  field  of  a  turbojet  engine  exhaust. 
A  comparison  of  these  curves  with  the  work  of  Howes,  Callaghan,  Coles  and  Mull 
(Reference  2)  shows  some  differences. 

First,  the  present  results  include  constant  sound  pressure  level  contours 
for  the  exhaust  interior.  The  combined  interior- exterior  constant  sound  pressure 
level  contours  exhibit  apparent  continuity  near  the  measurement  boundary.  No 
serious  attempt  has  been  made  to  explain  this  form  of  the  contours  in  the  exhaust 
interior  since  at  present  no  detailed  theory  is  available.  However,  as  suggested 
in  Reference  8,  the  contours  in  the  wake  appear  to  be  the  result  of  an  inward 
radiating  source  along  the  exhaust  boundary.  For  both  engine  conditions  the  sound 
pressure  levels  along  the  axis  approach  a  decrease  per  double  distance  of  6  db 
beyond  60  feet  downstream  of  the  nozzle-exit. 

Second,  the  overall  contours  for  the  sound  field  exterior  to  the  exhaust 
differ  in  that  the  present  overall  levels  are  lower  in  magnitude  by  about  5  db.  An 
average  third  power  velocity  relationship  would  account  for  a  difference  of  2  db. 
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The  remaining  difference  is  probably  due  to  the  fact  that  the  levels  reported  in 
Reference  2  are  quasi-peak  values  and  not  true  RMS  as  given  here.  Some  small 
additional  difference  would  also  be  due  to  the  present  relatively  limited  overall 
frequency  bandwidth* 

It  should  also  be  observed  that  the  contours  presented  in  Reference  2  are 
apparently  1/3  octave  band  levels  while  those  given  here  are  for  octave  bands  of 
frequency  reduced  to  spectrum  levels, 

b,  Free  Field  Spectra 

Several  features  of  the  spectra  in  Figures  11-22  through  11-27  are  worthy 
of  notice.  The  spectra  for  positions  along  the  centerline  of  the  exhaust  for  both 
engine  conditions  show  a  slight  decrease  in  high  frequency  content  and  decreasing 
overall  sound  level  with  distance  from  the  nozzle-exit  as  would  be  expected.  Nearly 
all  of  the  sound  energy  appears  to  be  concentrated  in  the  frequency  range  below 
200  cps,  In  this  respect  the  spectra  are  similar  to  the  spectral  density  of  turbu¬ 
lence  data  of  Reference  3  taken  along  the  jet  centerline  at  distances  greater  than 
16  nozzle-exit  diameters. 

Spectra  for  microphone  locations  outside  the  exhaust  are  typical  for 
the  near  noise  field  of  a  turbojet,  i.  e,,  increased  high  frequency  sound  levels 
near  the  mixing  region  compared  to  locations  further  downstream.  An  unusual 
feature  is  the  discrete  frequency  component  near  850  cps  with  some  indication  of 
its  harmonic.  This  phenomenon  may  be  explained  by  assuming  that  in  some  cases 
the  jet  was  slightly  supersonic.  The  data  reported  in  Reference  4  for  an  unheated 
supersonic  jet  indicates  that  the  relation  between  the  wave  length  {  A  )  of  the 
emitted  sound  and  the  nozzle  diameter  (  d  }  is  approximately 

A*  13d 

Using  average  values  from  Table  II -2P  page  8,  for  exhaust  gas  tempera¬ 
ture  and  nozzle  diameter  for  the  military  operating  condition,  the  average  local 
speed  of  sound  in  the  jet  is 

~ 1120  =  i96°wc. 

*  f  _  C_  =  _C_=  I960 

A  l.3d  (I.3XI.8I) 

f  ^  835  cps 

This  value  is  very  close  to  the  observed  frequency.  Therefore  it  seems 
plausible  to  assume  that  during  some  engine  runs,  supersonic  conditions  did  occur. 
It  is  interesting  that  very  little  or  no  sound  of  unusual  magnitude  was  observed  near 
this  frequency  for  the  afterburner  condition.  This  is  not  as  expected  since  the  cal¬ 
culated  nozzle  pressure  ratios  appear  to  be  similar  for  both  conditions. 
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2,  Probability  Distribution  of  Amplitude 


Probability  distribution  of  peak  amplitudes  for  a  Gaussian  random  proc¬ 
ess  should  follow  a  Rayleigh  distribution  function  (References  5  and  6): 

P(R>R0}  =  e~Ro/2<r2 

where  P(R>RQ)  =  probability  that  the  envelope  of  peak  values  (  R  } 

of  the  random  variable  will  exceed  some  specified 
peak  value  R0 

e  =  base  of  the  system  of  natural  logarithms 
2 

o-  -  variance  (mean-square)  value  of  the  random  variable. 


In  this  report 

Rq  —  peak  value  of  the  signal 
er  =  root-mean-square  value  of  the  signal 
and  all  probability  distributions  are  plotted  in  terms  of 

IT  = 

Hence, 

e-Ro/2<rZ=  e  -(PEAK/J2  r  m  sf  _  e 
is  the  equivalent  distribution. 

For  this  distribution,  values  of  R0  are  uniquely  associated  with  corres¬ 
ponding  values  of  the  probability  P  and  o7  ,  thus: 


Rq  _ P  cr 

0,607  ,  707 

2  0,  135  1,  414 

3  0,  012  2,  121 


The  distribution  summary  of  Table  II-7,  page  42,  is  in  terms  of  the 
above  values  of  R0  and  the  corresponding  average  observed  values  of  ,  For 

example,  under  the  column  labeled  (  cr  )  are  given  the  average  observed  values 
of  {  R0/  yz  o-  )  corresponding  to  the  probability  0,607  for  R0  =  a  .  The  theoreti¬ 
cal  value  from  the  above  table  for  R0  =  cr  is  0,  707,  Average  values  have  been 
tabulated  since  the  range  of  individual  results  by  frequency  bands  is  small  in 
nearly  all  cases. 

In  addition,  Table  II- 7  shows  the  ratios 

2c r  an-i  3 1 Z 

C T  *  <T 

which  in  the  theoretical  case  should  have  numerical  values  of  2  and  3,  respec¬ 
tively. 


y2cr 
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A  comparison  of  the  variation  of  the  mean  value  for  each  set  of  data  in 
the  distribution  summary  about  the  theoretical  distribution  shows  that  the  means 
of  the  observed  data  are  skewed  slightly  positive,  i,  e,,  the  mean  of  each  set  of 
data  is  greater  than  0.707*  Assuming  a  normal  distribution  of  these  means,  the 
theoretical  mean  is  less  than  one  standard  deviation  from  the  observed  grand 
mean.  Thus,  the  theoretical  mean  does  not  appear  significantly  different  from 
the  experimental  grand  mean  within  the  accuracy  of  the  data.  Within  groups  the 
data  scatter  for  both  a  and  2  a  is  less  than  one  standard  deviation  from  the  cal¬ 
culated  group  means. 

Two  anomalous  conditions  are  observed  when  examining  the  data  individ¬ 
ually  by  groups.  First,  the  mean  value  of  a  for  the  jet  wake  data  is  greater 
than  3  standard  deviations  from  the  theoretical  mean.  Second,  the  standard  devi¬ 
ation  is  zero  (all  results  equal)  for  the  data  at  the  free  field  panel  site,  although 
an  obvious  difference  exists  from  the  theoretical  mean. 

Now  for  ITa  ,  the  data  scatter  by  groups  becomes  greater  than  for  a 
These  data  are  also  positively  skewed*  Thus  the  mean  of  the  rigid  panel  data  is 
the  only  mean  within  3  standard  deviations  of  the  theoretical  mean  while  the  grand 
mean  for  all  data  is  1,7  standard  deviations  from  the  theoretical.  These  facts  tend 
to  indicate  reduced  accuracy  by  groups  at  the  higher  peak  to  root-mean-square 
ratios.  Scatter  of  individual  data  within  groups  remains  essentially  the  same  as 
for  a  .  Therefore,  at  small  values  of  the  observed  distributions  the  data  {with 
the  exception  of  the  jet  wake)  do  not  differ  significantly  from  a  Rayleigh  distribu¬ 
tion.  At  large  values  of  a  {greater  than  2)  there  is  a  significant  departure  from 
theory,  but,  since  the  departure  is  accompanied  by  relatively  large  data  scatter, 
it  is  not  possible  to  determine  if  this  is  a  real  effect. 

3.  Bounded  Field  Survey 


Noise  data  obtained  in  detail  at  the  two  panel  boundary  sites  including 
spectra  and  space -phase  correlation  of  sound  pressure  are  discussed  in  this  sec¬ 
tion. 


a.  Space-Phase  Correlation  of  Sound  Pressure 

As  expected,  tha  general  form  of  the  correlations  is  similar  for  all  con¬ 
ditions  and  in  most  respects  is  much  like  the  correlations  reported  in  Reference  2* 

The  effect  produced  by  correlating  sound  pressures  along  one  horizontal 
line  across  the  panel  with  a  reference  sound  pressure  displaced  in  a  vertical 
direction  is  more  or  less  predictable;  that  is,  the  correlation  for  the  sound  pres¬ 
sure  directly  below  the  reference  is  the  vertical  correlation  at  that  panel  position. 
In  those  cases  where  the  vertical  correlation  (Survey  Line  C  -  Zero  Separation)  is 
near  unity,  the  correlation  is  changing  slowly  in  that  direction  as  is  observed  for 
most  of  the  downstream  data.  Small  changes  in  the  vertical  correlation  would 
tend  to  imply  little  difference  in  horizontal  correlation  between  the  two  survey 
lines.  This  general  effect  is  borne  out  in  comparing  the  data  for  distance  to  first 
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zero  crossing  which  shows  a  high  degree  of  similarity  by  survey  lines  for  almost 
all  conditions. 

Comparison  of  the  zero  crossing  data  by  panel  location  shows  greater 
zero-distances  at  the  upstream  site.  Since  the  noise  sources  are  probably  nearer 
the  upstream  site,  this  effect  would  also  be  expected  if  a  simple  plane  wave 
source  is  assumed  near  the  jet  mixing  region;  that  is,  the  slant  distance  (and  con¬ 
sequently  fractional  wavelength)  changes  more  rapidly  with  distance  (parallel  to 
the  jet)  from  the  assumed  source. 

In  all  cases,  maximum  negative  correlation  is  observed  to  be  greatest 
at  the  downstream  site.  This  fact  would  indicate  that  at  the  downstream  site  the 
sound  pressures  appear  to  emanate  from  a  localized  source  while  upstream  the 
source  appears  to  be  a  spatially  distributed  system  of  generators  with  little  cor¬ 
relation. 


No  significant  correlation  difference  was  observed  by  boundary  condition. 

An  apparent  correlation  anomaly  was  observed  at  about  400  cps  where 
the  zero  crossing  distance  is  greater  than  would  be  expected  from  the  general 
trend  by  frequency.  In  all  cases  this  anomalous  increase  is  greater  for  the  mili¬ 
tary  than  afterburner  engine  condition.  This  phenomenon  appears  to  be  an  arti¬ 
fact  caused  by  computation  errors  approaching  the  small  correlation  difference 
in  this  frequency  range  and  accentuated  in  the  upstream  cases  by  the  small  slope 
of  those  curves  near  the  zero  correlation  axis. 

b.  Sound  Pressure  Spectra 


At  the  upstream  site,  maximum  average  sound  pressure  levels  by  fre¬ 
quency  were  found  to  occur  around  the  1/3  octave  band  center  frequencies  of  200, 
250  and  320  cps.  Downstream,  maximum  levels  were  found  to  occur  generally 
at  lower  frequencies;  in  the  1/3  octave  bands  between  the  center  frequencies  80 
and  100  cps  for  the  military  condition  and  between  50  and  320  cps  for  the  after¬ 
burner. 


Average  overall  sound  pressure  level  increase  with  the  afterburner  com¬ 
pared  to  the  military  condition  was  7  db  at  the  downstream  site  and  6  db  upstream. 
At  the  upstream  site  the  afterburner  produces  a  nearly  uniform  spectrum  increase 
over  the  frequency  range  examined,  while  downstream  little  increase  was 
observed  in  the  upper  half  of  the  spectrum  with  a  nearly  uniform  increase  in  the 
lower  half. 

In  the  frequency  range  for  the  1/3  octave  bands  between  40  and  125  cps, 
average  sound  levels  at  the  downstream  site  are  as  much  as  18  db  higher  than  for 
corresponding  frequencies  at  the  upstream  site  for  both  engine  conditions. 
Between  125  and  1000  cps  the  average  levels  tend  toward  similar  values  at  both 
sites. 
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4*  Miscellany 


Tests  were  performed  to  evaluate  possible  effect  of  placing  the  micro¬ 
phones  in  front  of  the  panel  boundaries  and  the  effect  of  panel  boundary  chamber 
termination. 

Below  250  cps  no  significant  difference  was  observed  between  sound 
levels  measured  with  a  microphone  mounted  flush  in  the  surface  of  the  rigid 
panel  and  a  microphone  installed  in  the  holding  jig  in  front  of  this  panel.  Between 
250  and  2000  cps  sound  levels  for  the  flush  mounted  microphone  appear  to  be 
from  0  to  4  db  greater  depending  on  frequency.  The  calibration  of  these  two 
microphones  show  differences  of  less  than  1  db  within  the  frequency  range  of 
interest.  Both  pieces  of  data  were  obtained  with  essentially  similar  and  largely 
identical  recording  and  data  processing  equipment.  The  difference  in  observed 
level,  therefore,  appears  to  be  a  real  phenomenon,  which,  by  virtue  of  the  sound- 
in-air  wavelengths  involved,  seems  to  be  a  panel  and  holding  jig  diffraction  effect. 
For  precise  calculations  above  2  50  cps,  this  effect  would  require  further  investi¬ 
gation. 


Sound  pressures  measured  at  two  locations  within  the  panel  backing 
chamber  for  two  sound  terminating  conditions  show  an  average  sound  level  increase 
of  5  to  10  db  when  the  chamber  volume  and  absorption  are  minimized.  In  general, 
the  reduced  chamber  volume  and  absorption  tends  to  produce  a  significant  increase 
in  the  ratio  of  peak  to  minimum  sound  levels  at  those  frequencies  that  appear  to 
correspond  to  panel  resonances. 


G.  Conclusions 


1,  The  near  noise  field  characteristics  of  the  turbojet  engine  used  for 
the  present  test  series  are  similar  to  those  determined  by  previous  experimen¬ 
ters,  An  interesting  feature  of  the  noise  spectra  of  the  test  engine  was  observed, 
namely  the  appearance  of  discrete  frequency  "screech11  at  a  nominal  frequency 
of  850  cps, 

2,  Constant  sound  pressure  level  contours  within  the  exhaust  suggest 
an  inward  radiating  source  along  the  jet  boundary.  This  conclusion  appears  to  be 
in  general  agreement  with  the  ideas  advanced  in  Reference  8. 

3,  Probability  distribution  of  amplitude  of  sound  pressures  for  all  test 
conditions  and  frequency  bands  investigated  were  not  greatly  different  from  each 
other  or  the  theoretical  Rayleigh  distribution, 

4,  Space-phase  correlations  of  sound  pressures  were  found  to  be  of 
expected  forms  for  the  noise  field  locations  examined  and  essentially  the  same  as 
had  been  reported  by  other  investigators. 
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5.  Space-phase  correlations  of  sound  pressures  along  a  horizontal  dis¬ 
placed  line  are  similar  to  the  correlations  for  a  non-displaced  line  for  conditions 
where  the  vertical  correlation  is  near  unity,  and  significantly  different  when  the 
vertical  correlation  is  appreciably  less  than  unity. 

6.  There  appears  to  be  a  real  difference  between  the  sound  pressures 
measured  at  the  surface  and  slightly  forward  of  the  surface  of  the  rigid  panel 
over  portions  of  the  spectrum  investigated. 
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SECTION  III 


THEORETICAL  PANEL  RESPONSE 


A,  Introduction 


In  this  section  the  methods  used  for  the  theoretical  determination  of 
panel  response  in  the  jet  noise  field  are  presented.  Comparisons  of  theoretical 
results  with  both  laboratory  and  field  tests  are  shown. 

The  basis  for  the  theoretical  response  determination  is  the  assumption 
that  the  panel  dynamic  characteristics  may  be  defined  in  terms  of  a  number  of 
lightly  damped  and  hence  sensibly  uncoupled  natural  modes  of  the  panel.  These 
modes  are  determined  both  analytically  and  by  laboratory  resonance  tests. 

They  are  used  in  conjunction  with  measured  pressure  characteristics  in  the  jet 
noise  field  to  determine  the  acceleration  response  of  the  panel. 

The  analytical  investigation  has  been  confined  to  the  flat,  unstiffened 
6-  x  20 -inch  panel  and  the  flat  panel  A. 

B.  Theoretical  Panel  Modes  and  Comparison  with  Laboratory 

Resonance  Tests 


1.  6-  x  20-inch  Panel 


The  natural  mode  shapes  and  frequencies  are  determined  by  the  method 
of  Reference  13,  for  both  clamped  and  simply  supported  edges,  for  the  modes 
having  zero,  two,  four,  and  six  node  lines  in  the  short  direction. 

The  natural  frequency  is  given  by  Reference  12  as: 


where  A  =  frequency  factor,  and  is  given  by  Reference  12  as  a  function  of  nodal 
pattern  and  panel  edge  condition. 

The  frequencies  calculated  by  this  method  are  compared  with  laboratory 
test  results  in  Figure  HI-1,  and  the  theoretical  and  test  mode  shapes  are  compared 
in  Figure  III-2 . 

It  may  be  seen  from  Figure  III -1  that  the  variation  of  natural  frequency 
with  nodal  pattern  as  shown  in  the  laboratory  tests  implies  an  edge  condition 
approaching  simple  support,  and  from  Figure  III -2  that  the  mode  shapes  depart 
rather  markedly  from  the  theoretical  case  in  which  the  nodal  lines  break  up  the 
panel  into  approximately  equal  areas. 
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THEORETICAL  (CLAMPED  EDGE)  MODE  SHAPES  ARE  SHOWN 

las  test  results  shown  are  node  line  locations 

AND  RELATIVE  ACCELERATION  MAGNITUDES  AT  £  POINTS* 


ACCEL,*© 


FUNDAMENTAL  MODE  HO  CPS 


Figure  III- 1*  6n  x  20n  Panel  Natural 
Frequency  -  Comparison 
of  Theoretical  and  Test  Results 


Figure  III- 2.  6”  x  20 H  Panel  Mode 

Shapes  -  Comparison 
of  Theoretical  and  Lab  Test  Results 


2.  Flat  Panel  A 


A  Rayleigh  type  method  of  analysis  is  used  for  the  prediction  of  mode 
shapes  and  frequencies  of  this  multi-panel  structure. 

The  generalized  coordinates  used  in  the  analysis  are  the  displacements 
at  the  center  of  individual  panels,  at  the  midpoint  of  the  stiffening  members,  and 
at  the  intersection  points  of  the  stiffening  members*  These  coordinates  are 
shown  in  Figure  111-3, 

The  displacement  in  each  of  these  coordinates  is  written  in  terms  of 
the  inertia  loading  and  the  structural  characteristics  of  the  panel,  using  simple 
beam  and  plate  theory.  The  resulting  homogeneous  equations  are  solved  for  the 
natural  frequencies  and  mode  shapes  by  means  of  a  digital  computer* 

The  procedure  used  in  setting  up  the  equations  is  illustrated  in  Figure 
HI -4  where  the  various  steps  involved  in  determining  the  deflection  at  the  center 
of  a  panel  are  shown.  The  resulting  matrix  of  equations  is  shown  in  Table  HI-1, 
together  with  the  solutions  in  terms  of  mode  frequency  and  mode  shape  normal¬ 
ized  on  the  coordinate  Mz,n 


94 


Figure  III  -  3 .  Coordinates  for  Panel  A  Theoretical  Mode 


Shape  Determination 

TABLE  ID-  i 

PANEL  "A"  THEORETICAL  MODE  DETERM  IN  AT  TON 


MODE 

t 

2 

3 

4 

5 

6 

7 

ROOT 

309,B2l 

295.048 

191*758 

188. 967 

14, 071 

3.  464 

0.387 

f.  CPS 

90*  5 

92*  7 

115.0 

115. a 

424 

855 

2560 

54.0 

-682 

-0*925 

-0,885 

-Z*  04 

0,  903 

0.  548 

88.  1 

815 

- 1*  828 

-  Irn  79 

-4*07 

1, 825 

L  lo 

tn 

0.2 

0.228 

142.  6 

-a?.  4 

-0. 258 

-0*935 

1.610 

£*4 

0.4 

0*460 

79*  7 

306 

-0,529 

-1*88 

3*210 

If, 

Z.  77 

Z,  76 

-0*  645 

-0*  643 

1*895 

-2.  56 

-2.  01 

-0*41 

-0*413 

0,639 

0*638 

-0*234 

0*  834 

-3*  13 

2 

1*  00 

1*00 

1,00 

1,00 

1*00 

1*00 

1*00 

V 

296, 132 

0 

0 

0 

188. 5Z4 

0 

218. 117 

V 

€» 

0 

293.262 

0 

0 

173.393 

0 

426.749 

0 

0 

190*  696 

0 

9 

12  L.  401 

73, 874 

e» 

c» 

=  ioV 

0 

0 

0 

187*  986 

0 

239, 353 

147. 743 

X 

f* 

if. 

5.  493 

5.493 

-0*  537 

-0*537 

18*  632 

-1*998 

23,  985 

tr, 

-0.826 

-0*826 

0*  537 

0.537 

-2, 8 14 

1*905 

-2* 133 

Vt 

2 

1*951 

1,951 

0.  831 

0*831 

6.530 

2*746 

14*903 

1 
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PANEL 


LOAOS  ON  PANEL 


LOAD  ON  PANEL  CAUSED 
BY  STRINGER  DEFLECTION 
<  "  V"  LOAD  ) 


PANEL  DEFLECTIONS 


PANEL  DEFLECTION 
UNDER "2" LOAD 


PANEL  DEFLECTION 
UNDER  "V"  LOAD 


PANEL  DEFLECTION 
UNDER  LOAD 


^  igure  III  4.  Panel  A  Mode  Determination 
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The  first  three  natural  modes 
obtained  by  this  procedure  are  shown  in 
Figure  I1X-5,  together  with  correspond¬ 
ing  modes  determined  by  laboratory 
resonance  tests* 


Figures  III-5a*  -  III-5c. 

Panel  A  Natural  Frequencies 
and  Mode  Shape  - 
Comparison  of  Theoretical 
and  Lab  Test  Results 


Figure  III -5a* 


Figure  III- 5b*  Figure  III -5c. 

Comparison  of  theoretical  and  laboratory  test  modes  indicates  the  fol¬ 
lowing: 

a*  The  mode  shapes  for  the  fundamental  and  second  modes  are 
predicted  reasonably  well,  but  the  predicted  frequencies  are 
20%  to  30%  lower  than  determined  by  test. 


b*  Agreement  on  both  mode  shape  and  frequency  is  poor  for  the 
third  mode,  the  comparison  shown  being  valid  only  inasmuch 
as  predicted  higher  modes  have  frequencies  greater  than  400 
cps  and  higher  test  modes  show  node  lines  within  individual 
panels,  a  mode  shape  not  admissible  with  the  coordinates 
used  in  the  theoretical  analysis.  (See  Figures  IV-21  and 
IV -22,  pages  127  and  128*) 
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C.  Panel  Damping  from  Laboratory  Resonance  Tests 


Since  knowledge  of  panel  damping  is  essential  to  prediction  of  the  panel 
response  in  the  jet  noise  field,  damping  is  estimated  on  the  basis  of  resonances 
obtained  during  the  laboratory  loudspeaker  tests. 

1 .  6-  x  20-inch  Panel 


The  damping  ratios  are  calculated  from  the  response  curve,  Figure  IV-20, 

page  126. 


The  expression  used  is 


where: 


S  =  damping  ratio; 

A  f  =  bandwidth  measured  at  0.7  of  height  of  response 
curve  for  a  given  mode  (cps); 

f0  =  the  cor  responding  resonant  frequency. 

The  results  are  shown  in  Table  UI-2, 

TABLE  III-2 

damping  ratios  -  6"  x  20”  panel 


Mode 

F  anda  mental 

1  x  3 

!  x  5 

1  x  7 

cps 

110 

178 

323 

449 

cps 

6 

5 

9 

33 

#  0273 

.014 

.014 

.0368 

2.  Flat  Panel  A 

The  relative  damping  in  a  mode  is  determined  from 

PlaAA,  _ I 

*  £a‘  Am  ifAI 

where  the  pressure  is  assumed  to  be  uniform  over  the  surface  of  the  panel. 
{Here  the  term  P^  a,  A  A  represents  the  generalized  force  in  the  mode, 
the  generalized  stiffness.  ) 
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The  mode  shapes  {  a,- 's  )  are  given  in  Table  III-4.  The  data  pertinent  to 
the  calculation  of  S  are  obtained  from  laboratory  test  results  and  are  shown  in 
Table  III  -  3  with  calculated  values  of  S, 

TABLE  LU-J 


DAMPING  RATIOS  -  PANEL  "A" 


Mode 

CJ>* 

Generalized 

Mm. 

lba/»c£/ft 

Damping 

ft 

Ratio 

It* 

m,s 

17,9  X  10*3 

» 0204 

1,158 

173,  1 

127.5 

13* 2  x  10-1 

.0222 

1.026 

95.2 

181.4 

15,8  x  10- J 

.0640 

1,04 

271. 

185.0 

10*7  St  10*1 

,644 

441, 

210.5 

41,0  x  10*3 

,0157 

.  L64 

315, 

TABLE  HI-4 


PANEL  A- U AT A 

TOR  FIELD  RESPONSE  C  A  LC  U  LA  U  QNfr 


VALUES  OF  Pt*  |FSF>  FOR  125  CPS  BAND  -  AF  V  ERBURNER  CONDI  1'iON 


values  or 

"Al"  FOR  1 15. 

3  CPS  MODE 

JL  ^  k  L  J  A,  "f  l  b 

6*  58  6.31  6.50 

6.57 

6. 76  6. 60 

7.25 

« ■  J  5  v  ■  r  Q  Id  7 i  4 1 

.00 

.06 

,  10 

.  16 

,  19 

,  19 

.  15 

*  10 

.  06 

,00 

.  06 

,  11 

6.92 

6,21  6.90  6*20  3.00 

6,47  8.93  7.04 

6*  60 

7. 25  6, 92 

6,21 

.22 

*55 

1*00 

1. 00 

.  53 

.  22 

,  It 

.  06 

.  06 

.  11 

.  22 

.  55 

6.  90 

5.20  3.80  6.47  8*93 

7.04  5-85  6.55 

6.76 

6,46  7.21 

6.58 

1. 00 

1.00 

*35 

.  22 

,11 

.06 

.00 

,06 

.  ID 

.  15 

.  19 

.  19 

6*3 1 

6. 50  6.  37  6,  76 

.  15 

.  10 

.  06 

.00 

VALUES  OF  P^*  (PSF)  FOR 

125  CPS  BAND  *  MILITARY  CONDITION 

values  or 

H,V  J 

FOR  127 

,  5  CPS  MODE 

3*06 

2.70  2.66  2,56  2.68 

2*71  2.83  3.07 

3*  N 

3.  16  2, 50 

2.  78 

-0*11 

-0,  22 

-0.  30 

*0,02 

-1.33 
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-0.82 

-0.  30 
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-0,  15 

-0.  19 
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2.39  2.63  2.49  2.46 
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2.  50 

2.78  2.66 

2,  39 

0,  07 

0.  70 

(.GO 

0.  96 

0.  IT 
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-0*  11 

-0.  11 

-0,  15 

0. 04 
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2.  63 
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J.  19  3,06  2*70 
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2. 5b  2. 68 
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-0.  1 1 
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3-07  3*  14  3.  16 

62 
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-0.  15 

VALUES  OF  P,*  (PSF1  FOR  200  CPS  BAND  -  AF  I EA BURNER  CONDITION 

values  or 

”»i"  FOR  181. 

4  CPS  MODE 

6.22 

6.91  6.54  3.86  6*54 

6.62  6.59  5.68 

5*47 

5. 64  7*  38 

7.67 

-.29 

-.52 

-.24 

-.33 

.  14 

0*43 

0.  57 

0*  40 

1 .  GO 

0.48 

0.  19 

0,  19 

7, 05 

6.42  6.88  6.41  7,02 

6. 38  8.21  4,21 

7.38 

7*6  7  7*05 

6.42 

0*  14 

0.33 

0.36 

0.  00 

-.33 

0,05 

0.62 

0*29 

0*  19 

0,  14 

0*  19 

0.43 

6,  86 

6.41  7,02  6.38  8.21 

6,21  6.22  6,91 

6.  54 

5,86  6.54 

6.62 

0,  52 

0.  19 

-r  14 

0,  05 

0.48 

0,  14 

-.49 

7 1 

0.  00 

0,  14 

0*  30 

0,  90 

6,  59 

5.68  3,47  5.64 

.86 

0.  19 

0.48 

0,05 

VALUES  OF  (PSFJ  FOR  200  CPS  BAND  ^  MILITARY  CONDITION 

values  or 

"»i"  FOB  185  CPS  MODE 

2,54 

2.69  2,44  2.14  2*36 

2.10  2*44  2,21 

2.  19 

2*18  3.00 

3.03 

0,61 

0.36 

0.00 

0.06 

0.  19 

0,  11 

0.00 

0*  06 

0.  38 

0.28 

-.50 

-.50 

2.69 

2.34  2.55  2.61  2*87 

2.43  2,42  2.  32 

3*00 

3.03  2,69 

2,  34 

-.06 

0.  *7 

0.33 

-.03 

0.22 

0.  08 

0.  J3 

0,  H 

-,  5G 

-.47 

-.06 

0.  17 

2.53 

2.61  2,12  2*43  2.42 

2*32  2.54  2.69 

2,  44 

2.14  2*  3b 

2.  30 

0,13 

-.02 

-.22 

0.00 

0,33 

0,  14 

0,  76 

1.  00 

0.  11 

0. 00 

0.  GO 

0.11 

,11 

0*  06 

0, 36 

0.25 

VALUES  OF  *  SLUGS  PER  A  A^ 

values  or 

”■1”  FOR  210  CPS  MODE 

I.990E 

-3  1.990E-3  4.  100 E- 3  l,990E 

-3  L990E-3  1 . 990 E  - 3  I.990E-3  4  IOOE-3 

L  990E-  3 

-.  17 

44 

0.  22 

l  r  GO 

0,84 

0,95 

1.35 

0.39 

0.  67 

0.  50 

-.44 

-.50 

1.940E 

-3  3*  P15E*3  3.  085 E- 3  5*  J95E 

:-l  3,  085E-3  3.G85E- 

J  J*063E-3  J.085E-3  5,  195E-3 

*,44 

-.29 

0.76 

0.67 

17 

0.  QO 

0,44 

0.33 

-.56 

-<  83 

-.19 

-1.05 

1.00 

0.55 

-,6I 

0,  00 

0*20 

0.39 

78 

-1,05 

0.39 

0*94 

0.  56 

0.00 

3 . 08 5 E 

-i  3.083E-3  3*  0B5E-3  3.0S5E 

-3  5,  J95E-3  3*  085E- 

3  1.085E-3  J.085E-J  3.085E-3 

.44 

0*  It 

0,  28 

0,  17 

5,  1 95  E 

-3  3.08SE-3  3* 083E-3  1*990E 

-3  1 . 990 E- 3  4,  100 E- 3  I.990E-3  J.990E-3 

1. 990E-3 

1 . 990  E 

-3  4*  lOOE-3  J ,  990 E- 3  I.990E 

-3 

D, 

Theoretical 

Pane]  Respons 

e  in 

Jet  Noise 

Field 

1 .  Outline  of  Theory 


Panel  response  to  the  random  pressures  in  the  jet  noise  field  is  com¬ 
puted  in  terms  of  the  response  in  each  of  the  natural  modes  of  the  system,  such 
modes  representing  a  set  of  uncoupled  single-degree-of-freedom,  lightly  damped 
systems. 


If  we  divide  the  panel  up  into  a  number  of  small  areas,  and  consider 
random  pressures  Pj(u)  acting  on  these  areas,  then  the  response  of  the  panel 
in  the  mode  may  be  considered  as  the  response  of  a  dynamic  system  to  a  set  of 
simultaneous  random  disturbances. 
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(1) 


In  general,  we  may  write  {see  Equation  9-43  of  Reference  5): 

-  Zi  Zj  4>jj  (v>  Tj  u  t*u 

where  ^  (cu)  is  the  power  spectral  density  of  the  response  of  the  system, 

<p  (cu)  is  the  cross-spectrum  of  the  excitation  at  points  Mi,f  and  1 1  j * 1  f 

Tj  M  is  the  frequency- response  function  relating  excitation  at 
point  ITiTI  to  the  response, 

T*(u)  is  the  complex  conjugate  of  the  frequency  response  function 
relating  excitation  at  point  ,Tj"  to  the  response. 


let 


In  the  present  application  of  modal  displacement  response  of  the  panel, 

=  (fa;*  jfyjj) 


and 


TJco)  =  £4'  p~(m  +  jn) 


Me<4 


(from  a  generalized  force  per  unit  pressure  A4,cr;  ,  generalized  stiffness  Mewl  , 
natural  frequency  <u0  ,  and  dynamic  factor  (m  +  jn)  . 


Similarly, 


7;% )  =  -  jn ) 


Meu>% 


Then,  substituting  in  Equation  (1)  the  power  spectral  density  of  displacement  in 
the  mode  will  be  given  by: 


=  M  -  g  ZZ.(<t>0..+  j<L..)AA.  A  A. a-  a.(m2+  n 

Me(u%  i  j  ~ Rij  T Tij  i  j  i  j 


') 


(2) 


Noting  that  is  the  complex  conjugate  of  <fijj 

i.  e«t  j  — 

then  the  terms  Jfilij  will  disappear  as  a  result  of  the  summation. 

Also,  in  terms  of  the  measured  pressure  correlation, 

^Rij=  cij{ 4>i  4>j>'/z 

and  with  a  dynamic  magnification  factor  =  y2  we  may  write 

y  =  (m  +  n  ) 

Finally,  then,  the  power  spectral  density  of  displacement  in  the  mode 
may  be  written 


2 


(3) 
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On  the  basis  of  the  relatively  small  damping  in  the  modes  (see  Section  III-C), 
each  mode  is  considered  as  a  lightly  damped  single-degree-of-freedom  system, 
and  the  mean  square  value  of  the  response  in  the  mode  is  derived  from  Equation  (9) 
of  Reference  11,  where,  for  the  present  application, 


and 


$  =  28<l/0=  4w&f0  l  f(u)  = 

£  W 


Then  the  mean  square  displacement  in  the  mode  is  given  by: 


/ 


64ir3S0f03Ml 


H) 


and,  since  this  power  spectrum  will  be  over  a  narrow  band  centered  on  f  =  fQ  , 
the  mean  square  acceleration  due  to  response  in  the  mode  is  approximately 


w 


MS  4 


(5) 


(A  I/? 

From  Equation  (3),  with  <f>;  =  (pj  the  pressure  field  is  homogene¬ 

ous),  we  may  obtain  an  expression  for  the  frequency- response  function  relating 
the  power  spectral  density  of  pressure  to  the  power  spectral  density  of  accelera¬ 
tion  response 

=  (±-)\  I  *  EiEP:AAn(aAMCu  (6) 

\fj  Ml  [l-lf/ff]  +48  tf/fj 


With  the  further  assumption  that  response  in  a  number  of  different  modes  is 
uncorrelated,  the  mean  square  response  due  to  response  in  a  number  of  modes 
is 

7*=zn7f  <7> 

We  may  also  define,  for  convenience,  the  power  spectral  density  of  generalized 
force 

<PF  =  Z,  Zj  C.jtypai&A;)  ( OjAAj)  (8) 

which  is  consistent  with  the  expression  for  the  power  spectral  density  of  the 
response  given  by  Equation  (3), 


2.  Response  Calculations  for  6ri  x  2QM  Panel 


The  power  spectral  density  of  generalized  force,  as  defined  by  Equation 
(8)  of  Section  III-D-1,  is  determined  using  the  pressure  data  {Figures  IV- 27  and 
IV -34)  of  Section  IV,  and  the  mode  shape  data  {Figure  IV-20)  of  Section  IV  from 
the  laboratory  resonance  data* 

The  mean  square  displacement  and  acceleration  in  the  mode  is  then 
determined  by  use  of  Equation  (4)  and  (5)  of  Section  III-D-1,  using  the  damping 
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determined  from  the  laboratory  resonance  tests,  and  presented  in  Table  III -2, 
page  98. 


The  power  spectral  density  of  generalized  force  at  the  mode  frequency 
and  the  resulting  mean  square  displacement  and  acceleration  response  in  the 
modes  are  tabulated  in  Table  III-5. 


TABLE  HI -5 

RESPONSE  OF  6"  X  20"  PANEL 


PSD  ol 

Generalized  Force-lb^/cpa 

Mean  Square  Displacement 

In  Mode  -  ft2 

Mean  Square  Acceleration 
in  Mode  -  g 2 

Mode 

Freq,  * 

Military 

Afte  rburner 

Military 

Afterburner 

Military 

Afte  rburne  r 

Funda¬ 

mental 

125 

10*7  x  10-3 

42.5  *  10-3 

11.38  x  10"* 6 

44, S  x  10-6 

4.  160 

16,400 

1  x  3 

17? 

J. 74  x  10-3 

23.8  x  10-3 

0.96  x  10-& 

6*  12  x  I0"6 

1,415 

9.050 

1  x  5 

260 

1.33  x  10-3 

22*4  x  10-3 

0.  066  x  10-6 

1.  11  x  10-6 

449 

7,540 

1  x  7 

397 

2.  77  x  10-3 

2.  64  x  10-3 

0,0212  x  10-b 

0.02  x  10-6 

788 

750 

♦  Mote  that  the  frequencies  used  here  are  those  of  the  obaerved  resonances  in  the  field; 
discrepancies  between  these  and  the  laboratory  resonances  are  noted  in  Section  111-fl - 1 . 

In  addition  to  the  determination  of  mean  square  responses,  the  frequency- 
response  function  of  Equation  (6)  of  Section  III-D-1  is  computed,  and  is  used  in 
conjunction  with  the  pressure  power  spectral  density  data  of  Section  IV  to  define 
continuous  power  spectra  of  accelerations  over  a  frequency  range  centered  on  the 
mode  frequency. 

The  power  spe  ctra  so  derived  are  then  averaged  over  10-cps  bandwidth b,  thus 
simulating  the  effect  of  the  approximately  rectangular  10-cps  filter  used  in  presenting 
the  test  results  of  Figures  IV-28  and  IV-35,  pages  133  and  137,  respectively* 

The  resulting  ,TIQ-cpsM  spectra  are  compared  with  test  results  in  Figures 
IH -6a  and  b  and  III -7a  and  b;  in  Figure  III -6a  and  b  the  mode  frequencies  are  those 
of  the  laboratory  tests,  while  in  Figure  HI~7a  and  b  the  field  resonances  have  been 
assumed  to  define  the  mode  frequencies* 

3.  Response  Calculation  for  Flat  Panel  A 

The  procedure  used  is  similar  to  that  outlined  in  Section  III-D-2  for  the 

6-  x  20 -inch  panel;  the  mode  shape  data  are  obtained  from  the  laboratory  test  data 
of  Section  IV  and  the  damping  in  the  modes  from  Table  III-3,  page  99- 

The  power  spectral  density  of  generalized  force,  and  the  resulting  mean 
square  displacement  and  acceleration  response  in  the  mode  are  tabulated  in  Table 
III -6. 


As  in  Section  III-D-2,  the  frequency- response  function  defined  by  Equa¬ 
tion  (7)  of  Section  IU-D-1  is  computed,  and  used  to  obtain  H10-cpsM  spectra*  Such 
spectra  are  compared  with  test  results  in  Figure  III  -  8  where  the  mode  frequencies 
are  assumed  to  be  defined  by  the  field  resonances* 
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T  AEl-E  Iil-fc 


RESPONSE  OF  PANEL  "A" 


Mode 

Freq/ 

PSD  of 

Genr  ra  Sired  Force-lb*/ cps 

Mean  Square  Displacement 
(In,  2) 

Mean  Squa; 
In  M 

re  Acceleration 
lode  * 

Military 

Afterburner 

Military 

Afterburner 

Military 

Afterburner 

111 

115.  5 

10,3 

50*40 

23,6  a  10"4 

139 

x  JO*4 

4,420 

25*900 

2nd 

127.5 

6.06 

49,00 

3,61  x  1  Q“4 

It.  1 

X  10-4 

996 

6.020 

2  27,21  x  10-4 

L50,  l 

x  10-4 

5,416 

31,920 

3rd 

161,5 

2,70 

19.75 

45.0  x  lO-t 

330 

x  10-6 

520 

3,780 

4|h 

185,5 

0.  92 

7,  15 

70, 5  x  10'6 

546 

x  I0-* 

860 

MOO 

5th 

210.5 

4. 10 

30.  20 

26,0  x  10-& 

190 

x  10-6 

520 

3,810 

I  141.5  x  10-& 

1,068 

x  10-6 

1,900 

14, 190 

•Nolc,  a*  for  6"  It  20"  panel.  that  diacrepaneiea  between  laboratory  end  field  resonant  frequenclea 
tic  cur;  the  frequencies  used  Here  being  lho*e  of  I  he  laboratory  resonance*. 


O  OO  200  300  400  300  flOO  TOO  3o0  900 

f fl£QU£NGT  -  CPS 


Figure  III-6a.  6"  x  20"  Panel,  Comparison  of  Predicted  and  Measured 

Acceleration  Spectrum  in  Jet  Noise  Field  (at  Panel  Center) 
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Figure  III -7a,  6M  x  Z0U  Panel,  Comparison  of  Predicted  and  Measured 

Acceleration  Spectrum  in  Jet  Noise  Field  (at  Panel  Center) 


A 
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Figure  III-7b*  6  r  x  ZO11  Panel,  Comparison  of  Predicted  and  Measured 

.  Acceleration  Spectrum  in  Jet  Noise  Field  (at  Panel  Center) 


Figure  HI-8.  Panel  A,  Comparison  of  Predicted  and  Measured 

Acceleration  Spectrum  in  Jet  Noise  Field  (at  Panel  Center) 
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E.  Correlation  of  Accelerations  and  Bending  Strains 


For  the  6-  x  20-inch  panel,  field  measurements  were  made  of  accelera¬ 
tion  and  bending  strains  at  the  center  of  the  panel.  (See  Figures  IV-35  and  IV-38, 
pages  137  and  138.  ) 

From  Reference  (13)  (Timoshenko's  "Theory  of  Plates  a:.d  Shells"),  the 
deflection  at  the  center  of  a  uniformly  loaded  rectangular  plate  may  be  written: 


a 


q  a4 

F7F 


and  the  bending  stress  at  the  center  may  be  written 


fB  =  /3q° 


2  6 


where  a  and  0  are  functions  of  panel  aspect  ratio  and  edge  conditions.  The 
ratio  between  bending  stress  and  central  deflection  will  not  be  sensitive  to 
changes  of  load  distribution,  so  that,  for  the  predominantly  inertial  loading 
occurring  at  resonance  in  the  fundamental  modes,  we  may  write. 


M 

to 


RES 


M 

(a 


UNfF 

PRESS 


0 


,  6Eh 
a2 


And  the  ratio  of  the  power  spectral  densities  of  stress  and  acceleration  may  then 
be  written 

tsjRESS  =  [0  6Eh  x  386  1  (PSP* 

$ accel.  La*  a2  <2rf)2j  g 2 


With  E  =  !0?  psi;  h  =  032  in;  a  =  6  in 


and  values  of  0  and  a  from  Reference  (13),  the  ratio  of  power  spectral  densi¬ 
ties  is  determined  to  be: 


r STRESS 

^ ACCEL 


213  *  io'Z 

f4 


for  a  plate  with  simply  supported  edges, 


or 


.  60  x  IQ12 

f4 


for  a  plate  with  clamped  edges* 


For  the  Frequency  range  100  to  150  epst  covering  the  fundamental  mode 

resonance,  the  values  of  ^  are  computed  as  above,  and  are  com ~ 

STRESS  ACCEL 

pared  with  the  value  based  on  measured  stress  and  acceleration  in  Figure  III- 9* 

It  may  be  seen  that,  in  the  vicinity  of  mode  resonance  (120  to  130  cps), 
the  test  results  are  in  reasonable  agreement  with  theory  for  a  simply  supported 
plate. 
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Figure  III- 9.  Relation  between  Acceleration  and  Bending  Stress 

at  Center  of  Panel  -  in  Fundamental  Mode  -  6"  x  20"  Panel 
Military  Thrust  Condition 

F.  Discussion 


1.  Panel  Natural  Modes 


a.  6-  x  20-inch  Panel 


It  would  appear  that  difficulty  in  assessing  the  degree  of  edge  fixity  is  at 
least  partly  responsible  for  the  differences  in  natural  frequency  between  predic¬ 
tions  and  test  results.  Thus,  for  the  6-  x  20-inch  panel,  the  supposedly  "clamped 
edge"  panel  has  natural  frequencies  approximating  the  theoretical  "simply  sup¬ 
ported  edge"  condition. 

Reasonable  agreement  appears  to  be  obtained  between  the  theoretical 
mode  shapes  and  the  node  line  locations  and  relative  acceleration  magnitudes 
determined  experimentally  (See  Figure  IJQ-2). 
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b.  Flat  Panel  A 


The  prediction  of  natural  frequencies  for  panel  A  which  are  lower  than 
determined  experimentally,  by  20%  to  30%,  may  be  considered  to  be  due  in  some 
measure  to  the  assumption  of  simply  supported  panel  edge  conditions;  in  practice 
the  continuity  of  panels  across  supporting  members,  and  some  rotational  restraint 
at  these  members,  may  render  a  ’’clamped  edge1'  condition  more  appropriate. 

The  inability  to  define  precisely  the  effective  stiffness  of  reinforcing 
members  attached  to  the  panel  surface,  and  the  effect  of  discontinuities  present 
in  such  members,  may  also  give  rise  to  differences  between  predicted  and  test 
modes. 


The  agreement  between  theoretical  and  test  mode  shapes  appears  to  be 
good  for  the  first  two  modes  (see  Figure  IH-5a  and  b,  page  97)  but  qualitative  dif¬ 
ferences  are  apparent  in  the  third  mode  (Figure  III-5c,  page  97).  As  indicated  in 
Section  HI-B-2,  a  number  of  laboratory  test  modes  exists  in  higher  frequencies 
in  which  node  lines  appear  within  the  individual  panel  boundaries.  The  general¬ 
ized  coordinates  used  in  theoretical  mode  determination  (see  Figure  HI-3,  page 
95)  do  not  permit  such  modes,  but,  clearly,  could  be  extended  to  do  so. 

Such  extension  of  the  method  of  mode  determination,  and  inclusion  of 
the  effects  of  edge  fixity,  would  be  expected  to  give  improved  agreement  with  test 
results.  However,  it  should  be  noted  (see  Figure  IV- 22,  page  128)  that  the  labora¬ 
tory  test  results  show  a  lack  of  symmetry  in  some  cases,  a  result  possibly  indic¬ 
ative  of  marked  sensitivity  to  slightly  different  boundary  conditions  resulting 
from  the  use  of  TrJ,f  section  stiffening  members  asymmetrically  disposed.  Any 
inclusion  of  such  effects  in  a  theoretical  mode  prediction  would  require  a  very 
much  more  detailed  analysis  of  the  panel  edge  support  than  has  been  carried  out; 
it  would  probably  be  preferable  in  such  analysis  to  utilize  the  Lagrange  rather 
than  Rayleigh  method. 

2.  Panel  Response  in  Jet  Noise  Field 


The  two  most  noteworthy  features  of  the  panel  response  in  the  jet  noise 

field  are: 

(1)  the  apparent  shift  of  mode  frequency  from  the 
value  determined  by  laboratory  tests; 

(2)  the  marked  difference  between  the  levels  of 
predicted  and  measured  acceleration  response. 

a.  Mode  Frequency  Shift 


Such  a  frequency  shift  is  most  clearly  exhibited  in  the  6-  x  20 -inch 
panel  results;  for  example,  see  Figures  III -6a  and  b,  page  103.  Similar  fre¬ 
quency  variations  have  been  noted  in  the  laboratory  test  (see  Section  IV)  and  are 
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ascribed  to  varying  temperature  environment  and  differential  expansion  of  panel 
and  edge  members.  A  similar  phenomenon  may  be  responsible  for  frequency 
shifts  between  laboratory  and  field  results. 

b.  Comparison  of  Predicted  and  Test  Acceleration  Response 

The  differences  shown  in  Figures  III-7a  and  b  and  III  -  8 ,  page  104,  are  of 
such  a  magnitude  that  a  review  of  the  procedures  use  d  in  predicting  response  and 
examination  of  possible  shortcomings  of  these  procedures  is  appropriate. 

The  concept  of  response  in  each  of  a  number  of  sensibly  uncoupled, 
lightly  damped  natural  modes  would  appear  to  be  validated  by  examination  of  the 
power  spectra  of  applied  pressure  and  acceleration  response  in  the  field  (see 
Figures  IV-27  andIV-28,  for  example).  It  may  be  seen  that,  with  a  relatively  flat 
input  spectrum,  the  acceleration  spectrum  has  the  sharp  peaks  characteristic  of 
resonant  response  of  a  lightly  damped  system. 

It  appears  unlikely  that  differences  in  panel  damping  appropriate  to 
laboratory  and  field  tests  would  result  in  the  differences  noted.  The  damping 
determined  from  laboratory  tests  {see  Section  III-C)  might  be  expected  to  be 
lower  rather  than  higher  than  in  field  tests,  as  a  result  of  the  absorbent  backing 
used  in  the  field  (see  Figure  IV-8,  page  119),  thereby  resulting  in  field  response 
lower  than  predicted. 

The  characteristics  of  the  acceleration  response  spectra  compared  with 
the  predicted  spectra  suggest  a  somewhat  larger  damping  and  very  much  larger 
flexibility  than  derived  from  laboratory  tests.  This  large  flexibility  is,  of  course, 
at  variance  with  the  fair  agreement  in  resonant  frequency  between  laboratory  and 
field  results. 

It  is  of  interest,  in  this  connection,  to  compare  static  stiffnesses  meas¬ 
ured  in  static  laboratory  tests,  static  stiffnesses  derived  from  fundamental  mode 
characteristics,  and  the  dynamic  response  as  measured  in  the  field  tests.  Such 
comparisons  are  made  below  for  panel  A. 

From  the  static  pressure  test  results  presented  in  Figure  IV-13,  page 
122,  static  stiffness  in  terms  of  uniform  pressure  and  deflection  at  center  panel 

=  830  lbs/ft2/in 

From  the  fundamental  mode  characteristics  defined  in  Section  III-C-2, 
the  generalized  stiffness 

=  Mew*  =  17.9  x  10“3  (2P  x  115.5)2  =  9,  470  lb.  sec.2 /ft . 

=  790  lb.  sec.2 /in. 
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With  a  static  stiffness  (as  above}  =  k  lb.  sec.^/in.  ,  a  damping  factor  8  t  a  power 
spectral  density  of  pressure  =  <£p  ,  then  at  resonance,  power  spectral  density  of 
acceleration  - 

r Q 

=  <f>p(47r2f*/Z  8  K  *386)2  g2/cps 

with 

fo=  5  cp$ ;  8  —  , 03  (See  Section  III-  B ) 


K  &  800  (from  above) 


then 


800(g2/PSF 2) 


By  comparison  of  the  pressure  spectrum  of  Figure  IV-48,  page  144,  with 
the  computed  and  measured  accelerations  of  Figure  III  -  8,  page  104,  it  may  be 
seen  that,  at  resonance,  use  of  the  computed  response  gives 


__J2 

^P 


410 

.45 


=  910  (g2/PSF2) 


whereas  the  measured  response  gives 


2,400 

45 


=5,540(g2/PSFz) 


It  may  thus  be  seen  that  the  comppted  results  are  consistent  with  the  static  test 
results  and  with  the  fundamental  mode  characteristics,  for  a  damping  of  about 
3%,  whereas  the  measured  resonant  peak  would  require  a  damping  of  about  1  to 
2%  for  compatibility  with  static  characteristics,  which  damping  is  not  compatible 
with  the  breadth  of  the  measured  resonance. 
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SECTION  IV 


RESPONSE  MEASUREMENTS 


A.  Introduction  and  Objectives 


1.  Introduction 

This  section  covers  the  experimental  work  conducted  to  describe  the 
response  characteristics  of  the  structural  elements  selected  for  study.  Ail  data 
obtained  in  this  phase  were  used  to  supply  some  fundamental  parameter  related  to 
the  analysis  and  prediction  of  structural  responses.  To  be  more  specific,  that  por¬ 
tion  of  the  experimental  work  conducted  in  the  laboratory  involved  both  static  and 
discrete  frequency  panel  loading  conditions.  The  results  of  such  tests  consisted  of 
spring  rate  characteristics,  response  frequencies  and  mode  shapes,  and  structural 
damping.  All  such  data  were  used  as  inputs  for  the  analytical  work.  The  remain¬ 
ing  portion  of  the  experimental  data  was  primarily  concerned  with  the  measure¬ 
ment  of  panel  response  to  jet  noise  excitation.  Such  information  was  then  used  as 
the  basis  for  the  evaluation  of  predicted  response. 

The  experimental  work  of  the  response  section  of  this  study  has  been  lim¬ 
ited  to  use  of  specimens  falling  in  the  general  clas  sification  of  typical  structures. 
As  such,  they  represented  several  types  of  lightweight  exterior  surface  panels  of 
modern  airframe  design.  Each  specimen  contained  representative  characteristics 
of  asymmetry,  non-uniform  boundary  conditions  for  the  complete  panel,  as  well  as 
the  elements  within  the  panel ,  normal  variations  in  workmanship,  and  anormally  com¬ 
plex  distribution  of  mass  and  stiffness.  These  varied  characteristics  constitute  a 
major  departure  from  the  use  of  the  idealized  panel.  This,  however,  fulfills  one 
of  the  basic  objectives  of  the  study,  i.e.  ,  the  prediction  of  the  response  characteristics 
of  complex  s true tur e  s  ,  It  is  intended  that  this  approach  would  bridge  the  gap  between 
the  analysis  of  an  idealized  structure  and  a  full-scale  vehicle  structure.  In  an 
attempt  to  carry  this  objective  one  step  further,  one  panel  configuration  was  built 
in  two  sizes,  one  of  which  contained  three  times  the  area  of  the  smaller  panel. 

In  the  design  of  the  test  panels  no  attempt  was  made  to  obtain  optimum 
strength  of  stiffness-to-weight  ratios  since  no  real  basis  for  such  optimization 
existed.  Following  the  same  reasoning,  the  construction  details  are  considered 
typical  and  no  further  attempt  was  made  to  eliminate  or  reduce  the  local  stress 
concentrators.  However,  one  objective  in  the  s ele ction  of  the  various  configurations 
was  to  obtain  a  wide  range  of  stiffness  and  strength  characteristics.  Some  additional 
variation  was  also  obtained  by  incorporating  a  nominal  amount  of  curvature  in 
three  of  the  panel  specimens, 

2,  Objectives 

The  objectives  of  the  experimental  phase  of  the  structural  response  study 
were  as  follows: 
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(a)  to  measure  under  laboratory  conditions  of  discrete  frequency  sonic 
excitation*  the  significant  mode  shapes,  resonant  frequencies,  and 
the  response  amplitudes  of  the  various  panel  specimens; 

(b)  to  measure  the  response  characteristics  of  the  various  structural 
configurations  under  several  defined  conditions  of  jet  noise  excita¬ 
tion; 

(c)  to  compare  and  evaluate  the  response  characteristics  of  the  sev¬ 
eral  panel  configurations  excited  by  the  various  loading  conditions. 

Test  Speciments  and  Equipment 


1,  Description  of  Test  Panels 


The  bulk  of  the  data  was  obtained  with  panels  whose  nominal  size  was  forty 
by  sixty  inches.  Three  different  configurations,  both  flat  and  curved  {60-inch 
radius)  were  constructed  in  this  size.  One  of  the  above  configurations  was  con¬ 
structed  as  flat  panels  with  nominal  dimensions  of  forty  by  sixty  inches.  All  panels 
retain  the  identical  substructure  rib  spacing  of  twenty  inches.  A  summary  descrip¬ 
tion  of  all  panels  is  shown  in  Table  IV-1.  The  detailed  description  of  each  panel 
type  is  shown  by  the  drawings  reproduced  in  Figures  IV -1  through  IV-4,  pages 
1 12  through  115. 


TABLE  IV-I 

IDENTIFICATION  OF  TEST  PANELS 


Panel 

Identification 

Inches 

Inches 

Longitudinal 
Stiffener  Spacing 
Inches 

Skin 

Thickness 

Inches 

Description 

of 

Configuration 

A  (Flat) 

20  x  40 

20 

6 

.040 

Skin  and  Stringer  -  Fig.  4-2 

A (Curved) 

20  st  40 

20 

6 

,040 

Skin  and  Stringer  -  Fig.  4-2 

B  (Flat) 

ZO  x  40 

20 

- 

.012 

Honeycomb  Sandwich  -  Fig.  4-3 

B  (Curved) 

ZO  x  40 

20 

- 

.012 

Honeycomb  Sandwich  -  Fig.  4*3 

D  (Flat) 

Z0  x  40 

20 

.9 

Corrugated  Inner  Skin  -  Fig.  4-- 

D  (Curved) 

ZO  x  40 

20 

.  9 

.012 

Corrugated  Inner  Skin  -  Fig.  4-J 

E  (Flat) 

40  x  60 

20 

6 

.012 

Skin  and  Stringer  -  Fig.  4*5 

b  *  20 

6  x  20 

None 

None 

,  040 

Plain  Sheet 

C  Flat/ Curved 

—  Not  Used-- 
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Figure  IV-2.  Panel  B 
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1 


1 


1 


Figure  IV- 4.  Panel  E 


115 


In  addition  to  the  test  panels  described  above,  one  simple  instrumented 

panel  was  made  for  the  purpose  of  checking  experimental  and  analytical  procedures. 

This  panel  consisted  of  an  .032-inch  thick  aluminum  sheet  measuring  6  x  20  inches 
between  clamped  boundaries.  This  size  was  selected  to  correspond  to  skin  panel 
sizes  of  Type  ,TArt  configuration.  A  photograph  of  the  mounted  panel  is  shown  in 
Figure  IV -5.  This  assembly  was  used  in  both  the  laboratory  and  the  field  phases 
of  the  experimental  program* 


Figure  IV- 5.  6"  x  20 11  Test  Panel 


2*  Jigs  and  Fixtures 


a.  Field  Tests 

During  the  measurements  of  structural  response,  bounded  field  pressure 
and  correlation  and  free  field  correlations  under  jet  noise  excitation,  a  special  jig 
was  used  to  serve  as  the  boundary  and  support  for  the  test  panels.  The  face  of  this 
jig  is  sixty -four  inches  long  and  forty-four  inches  high*  The  horizontal  centerline 
of  this  area  was  at  the  same  elevation  as  the  longitudinal  axis  of  the  test  engine  * 
The  details  of  this  jig  {Dwg*  X-10529),  which  was  used  for  all  of  the  flat  panels, 
are  shown  in  Figure  IV- 6*  The  similar  jig  for  mounting  curved  panels  {Dwg* 
X-10530)  is  shown  in  Figure  IV-7*  The  rear  of  the  above  panel  support  jigs  was 
closed  by  means  of  the  glass  fiber  packed  attenuation  chamber  {X-10527)  shown  in 
Figure  IV-8* 

All  panels  were  mounted  in  the  above  support  jigs  by  clamping  both  the 
periphery  of  the  surface  skin  and  the  rib  ends.  These  panels  were  reclamped  per¬ 
iodically  to  allow  the  test  panel  to  partially  relieve  itself  of  strains  induced  by 
differential  thermal  expansion  of  the  aluminum  specimen  and  the  steel  jig. 
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Figure  IV-6.  Flat  Panel,  Support  Jig 
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Figure  IV-7. 


Support  Jig, 


Curved  Panel 
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1 


Figure  IV- 8,  Acoustical  Chamber 


8-B 
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Figure  IV-9*  Engine  Stand  Setup 
b.  Laboratory  Tests 

During  the  laboratory  measurements  the  20-  x  40-inch  panels  were 
mounted  in  a  steel  frame  which  duplicated  the  attachment  of  the  field  tests.  Pro 
visions  were  made  to  close  the  back  of  this  frame  for  the  application  of  static 
pressure,  A  photograph  of  this  installation  as  used  in  the  test  is  shown  in  Fig¬ 
ure  IV-10. 


Figure  1V-L0,  Test  Setup  for  Dynamic  Response  and  Mode  Survey 
under  Discrete  Frequencies  -  Panel  A 

Also  shown  in  the  above  refer enced  figu re  are  the  two  speakers  which  were 
used  to  drive  the  test  panels.  This  arrangement  produced  a  plain  sinusoidal  pres¬ 
sure  wave  striking  the  test  panel  with  grazing  incidence.  These  two  speakers  were 
similarly  used  with  the  test  panel  measuring  40  x  60  inches.  During  the  latter  tests, 
the  panels  were  clamped  in  an  adjustable  frame  made  from  aluminum  extrusions. 


The  noise  field  was  generated  by  means  of  a  YJ-79-3  jet  engine  which  was 
bailed  from  government  stores  specifically  for  use  in  this  program.  This  engine 
and  its  installation  in  the  test  stand  are  shown  in  Figure  IV -9* 
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C.  Test  Procedures  and  Results 


1 .  Laboratory  Test  Procedures  and  Results 

The  tests  and  procedures  of  the  laboratory  phase  of  the  program  served 
to  define  basic  response  characteristics  of  the  test  panels.  Such  characteristics 
include:  (a)  the  strain  and  deflection  distribution  vs*  static  pressure  loading,  (b) 
the  definition  of  mode  shapes  under  discrete  frequency  excitations,  and  (c)  the 
corresponding  measurements  of  bending  and  tensile  strain,  normal  acceleration, 
and  normal  velocity.  Both  the  data  and  the  procedures  employed  are  described 
below. 


a.  Static  Pressure  Test  (6-  x  20-inch  Panel) 


The  test  panel  was  mounted  in  its  clamped  edge  frame,  A  pressure  cham¬ 
ber  was  provided  behind  the  panel  by  covering  the  back  of  the  mounting  frame  with 
a  steel  plate.  Positive  internal  air  pressure  was  then  applied  to  the  panel  in  incre¬ 
ments  from  zero  to  ten  inches  of  water*  Normal  deflections  plus  bending  and  ten¬ 
sion  strains  were  measured  at  the  center  of  the  panel.  These  data  are  presented 
in  Figure  IV- 1 1 . 


0  4  a  12  IS  20  24  28  32 

NORMAL  DEFLECTION  -  INCHES  *  10" 3 


Figure  IV-IL  Static  Pressure  Test  -  6,T  x  20,T  x  .032  Panel 


b.  Static  Pressure  Test  (Panel  A) 


The  same  procedures  were  followed  here  as  in  the  static  test  of  the  6-  by 
20 -inch  test  panel.  Figure  IV -12  shows  the  setup.  Measured  strain,  deflection  of 
the  panel  surface  and  location  of  measurement  are  shown  in  Figures  IV-13  through 
IV-18,  pages  122  through  125, 
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(a)  ( t* ) 

Figure  IV-12,  Panel  A:  (a)  Static  Strain  and  Deflection  Measurement, 

(b)  Velocity  Contour  Survey  under  Discrete  Frequencies 


o  10  20  30  40  50  60  70 

NORMAL  DEFLECTION  -  MILS 

Figure  IV-13,  Static  Deflection  -  Panel  A 
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Figure  IV -14-  Static  Bending  Strain  -  Panel  A 


40  60  120  160  200  240 

STRAIN  -  MICRO  INCHEs/iNCH 


Figure  IV-15.  Static  Bending  Strain  -  Panel  A 
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0  40  SO  120  100  200  £40 

STRAIN  -  MJCRQ  iNCNES/kNCH 

Figure  IV -16,  Static  Bending  Strain  -  Panel  A 


-160  -140  -ISO  -100  -SO  -60  -40  -20  0  20  40  60  00  (00  foOWCAVE  TQ  PRESSURE) 

STRAIN  -  MICRO  iMCHEs/lNCH 

Figure  IV-17,  Static  Bending  Strain  -  Panel  A 
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c.  Dynamic  Test  (6-  x  20-inch  Panel) 


This  simple  clamped  edge  panel  was  speaker-excited  by  discrete  fre¬ 
quency  plain  pressure  waves  of  normal  incidence.  Under  these  conditions  meas¬ 
urements  were  made  to  determine  the  mode  shape  and  response  characteristics. 
Instrumentation  consisted  of  strain  gages,  accelerometers,  variable  reluctance 
type  noncontracting  displacement  pickup  and  free  particles  on  the  panel  for  defini¬ 
tion  of  nodal  lines. 

The  significant  modes  and  the  response  in  these  modes  are  shown  in 
Figures  IV-19  and  IV-20. 

During  the  program  some  variations  in  the  resonant  frequency  of  the 
individual  modes  were  obtained.  These  variations  were  found  to  be  directly  related 
to  the  differential  thermal  expansion  of  the  steel  clamping  frame  and  the  aluminum 
panel.  Where  it  was  not  possible  to  entirely  eliminate  these  effects  during  peri¬ 
ods  of  rapid  temperature  variation,  the  measured  frequencies  were  corrected  to 
agree  with  those  obtained  for  the  condition  without  static  in-plane  edge  loading. 
Corresponding  values  of  response  level  are  shown  as  measured. 

d.  Dynamic  Test  (Panel  A) 

The  procedures  used  with  6-  x  20-inch  panel  were  applied  here  with  two 
notable  exceptions:  (1)  The  panel  was  so  oriented  that  the  approximately  plain 
sound  pressure  waves  impinged  with  grazing  incidence.  {2)  A  hand-held  velocity 
pickup  was  used  as  the  primary  tool  in  determining  mode  shape. 
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BENDING  STRAIN  (0- PEAK)  ^  MICRO  INCHES 


Figure  IV-19.  Dynamic  Response  -  6TI  x  2Q,T  x  *032  Alum  Test  Panel 
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A  sweep  of  the  frequency  range  from  40  to  2000  cps  showed  that,  with 
the  exception  of  the  fundamental  near  117  cps,  all  of  the  significant  modes  were 
confined  primarily  to  the  response  of  the  three  6-  x  20-inch  skin  bays  within  the 
specimen  (i,  e,,  substructure  elements  coincide  with  nodal  lines).  These  modes 
were  generally  characterized  by  the  presence  of  an  odd  number  of  antinodes  in 
the  responding  bay.  While  similar  modal  patterns  appeared  in  each  of  these  three 
skin  bays,  the  resonant  frequencies  were  usually  somewhat  different. 

The  differences  in  the  experimental  determination  of  the  exact  resonant 
frequency  of  a  mode  lay  in  the  variations  in  specimen  preload.  Effects  of  preload¬ 
ing  were  observed  as  a  result  of  the  technique  of  adjusting  the  edge  clamping  and 
also  because  of  the  in-plane  edge  loading  induced  by  the  difference  in  thermal 
expansion  of  jig  and  specimen.  The  use  of  such  reclamping  techniques  greatly 
reduced  but  did  not  entirely  eliminate  the  variations  of  mode  shapes  and  resonant 
frequencies.  However,  these  variations  are  considered  to  be  sufficiently  small 
and  should  produce  no  noticeable  effect  on  the  results  obtained  from  the  analyti¬ 
cal  work  of  Section  III  (for  the  fundamental  and  other  low  frequency  modes). 

With  the  above  factors  in  mind,  the  discrete  frequency  excited  response 
data  are  self-explanatory.  These  data  are  shown  in  Figures  IV -21  through  IV -23 
and  Table  IV-2. 


Figure  IV-21.  Characteristics  of  Discrete  Frequency  Excitation 
and  Response  of  Panel  A 
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Figure  IV-23.  Discrete  Frequency  Response  at  Center  of  Panel  A 


TABLE  IV- 2 

DISCRETE  FREQUENCY  STRAIN  RESPONSE  -  PANEL  A  1 
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120 

120 

120 
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e. 


Dynamic  Test  (Panel  E) 


Procedures  followed  with  this  panel  were  identical  to  those  used  with 
the  Panel  A  specimens.  In  these  tests,  however,  the  use  of  the  aluminum  support¬ 
ing  frame  largely  eliminated  the  problem  of  obtaining  reproducible  data.  Several 
other  basic  differences  were  noted  in  the  response  characteristics  of  this  larger 
and  necessarily  more  complex  panel.  First,  because  of  the  number  of  almost 
identical  elements,  the  individual  normal  modes  were  more  obscured  by  cross 
coupling.  Second,  the  effects  of  pressure  correlation,  varying  as  a  function  of 
frequency  and  the  distance  from  the  driving  speakers,  had  a  more  evident  effect 
on  the  response  of  panel  elements.  It  should  also  be  noted  that  the  sound  pressure 
levels  at  the  panel  varied  considerably  as  a  function  of  distance  from  the  speakers. 
Because  of  these  complicating  factors  and  the  very  large  number  of  mode  shapes, 
the  data  tends  to  be  qualitative.  It  defines  only  the  more  typical  modes  and  res¬ 
onant  frequencies. 

Characteristic  frequency  response  and  mode  shapes  are  shown  in  Figures 
IV-24  through  IV-26.  Typical  relationship  among  strain,  velocity,  acceleration 
and  sound  pressure  level  is  shown  in  Table  IV-3, 
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Figure  IV-24.  Frequency  Response  of  Panel  E 
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Figure  IV-25a.  Figure  IV-25b, 

Figures  IV-25a.  -  IV-25b.  Discrete  Frequency  Mode  Shapes  for  Panel  E 
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FREQUENCY  ~  CPS 

Figure  IV-26*  Panel  E  Response  -  Discrete  Frequency  Excitation  -  Sta.  F-20 
2 .  Jet  Noise  Field  Test  Procedures  and  Results 


a.  General  Test  Procedure 


The  individual  test  panels  were  mounted  in  the  face  of  the  attenuation 
chamber  on  the  support  jig*  This  assembly  was  then  located  in  one  of  the  two 
positions  in  the  previously  surveyed  noise  field.  A  sketch  of  this  area  is  shown 
in  Figure  II-4,  page  6*  In  both  locations  the  panel  faced  the  jet  wake  and  was 
parallel  to  its  axis.  The  coordinates  of  all  positions  in  the  noise  field  were  located 
up  and  down  stream  from  the  engine  exhaust  nozzle  and  laterally  from  the  longi¬ 
tudinal  axis  of  the  engine.  Thus,  the  field  coordinates  to  the  center  of  the  test 
panel  to  the  "upstream"  position  were  14.2  feet  downstream  by  10  feet  laterally. 
The  ''downstream"  position  was  located  40,  1  feet  downstream  by  15  feet  laterally. 

The  pressure  distribution  and  correlation  across  the  face  of  a  typical 
panel  in  both  field  positions  and  for  two  engine  conditions  were  obtained  prior  to 
the  response  measurements.  In  addition,  during  the  response  measurements, 
sound  pressure  data  were  obtained  at  one  station  in  the  free  field  and  one  station 
at  the  test  panel.  These  data  and  the  measuring  and  data  reduction  techniques  of 
recording  and  reducing  the  response  data  were  identical  to  those  used  with  the 
acoustical  data* 
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MEAN  SQUARE  ACC  El, EH  ATI ON  PER  CYCLEfGravity  Units  )^/w  MEAN  SQUARE  PRESSURE  PER  CYCIEfPSF) 


Procedures  and  Results 


(1 )  6-  x  20-inch  Test  Panel 

.Strain  and  acceleration  records  were  recorded  to  define  the  response  at 
three  different  locations  on  the  panel  and  for  both  military  and  afterburner  engine 


200  400  600  800 

FREQUENCY  IN  CYCLES  PER  SECOND 

Figure  IV-27.  Power  Spectral  Density  Analysis  of  Pressure  - 
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Figure  IV-28.  Power  Spectral  Density  Analysis  of  Acceleration 
6TI  x  2Qir  Test  Panel  -  Afterburner 
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conditions .  These  data  were  then  plotted  directly  from  the  recorded  tapes  as 
power  spectral  density  curves.  The  resulting  curves  are  shown  in  Figures  IV -27 
through  IV-40,  pages  133  through  139. 


Figure  IV-30.  Power  Spectral  Density  Analysis  of  Acceleration  - 
6lf  x  20i!  Test  Panel  -  Afterburner 
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For  this  series  of  tests  only,  two  variations  in  the  test  procedure  were 
required.  The  first  variation  was  the  substitution  of  a  production  series  of  J-79 
model  engines.  The  second  variation  was  the  relocation  of  the  test  panel  within 
the  noise  field  (20  feet  from  the  jet  axis).  The  latter  change  developed  as  a  result 


Figure  IV- 31,  Power  Spectral  Density  Analysis  of  Bending  Strain 
6"  x  20"  Test  Panel  -  Afterburner 


6"  x  20"  Test  Panei  -  Afterburner 
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of  cross  wind  conditions  which  caused  the  hot,  low-velocity  exhaust  gasses  associ¬ 
ated  with  the  engine  starting  and  idle  operation  to  flow  through  the  area  of  the  nor¬ 
mal  downstream  test  site.  This  change  accounts  for  considerable  variation  between 
the  noise  characteristics  at  this  panel  and  all  subsequent  panels  tested. 
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Figure  IV-33.  Power  Spectral  Density  Analysis  of  Bending  Strain  - 
6"  x  20"  Test  Panel  -  Afterburner 


6"  x  20"  Test  Panel  -  Military 
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MEAN  SQUARE  ACCELERATION  PER  CYCLE{Gra vity  Umts)z/w  MEAN  SQUARE  ACCELERATION  PER  CYCLEfGra  vity  Units )2/w 


FREQUENCY  IN  CYCLES  PER  SECOND 


Figure  IV- 35.  Power  Spectral  Density  Analysis  of  Acceleration 
6ir  x  20"  Test  Panel  -  Military 
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Figure  IV-36.  Power  Spectral  Density  Analysis  of  Acceleration  - 
6"  x  20M  Test  Panel  -  Military 
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200  400  too 

FREQUENCY  IN  CYCLES  PER  SECOND 


Figure  IV-37.  Power  Spectral  Density  Analysis  of  Acceleration  - 
6"  x  20"  Test  Panel  -  Military 


6"  x  20"  Test  Panel  -  Military 
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MEAN  SQUARE  STRAIN  PER  CYCLEtMicroinches /Inchp / w 


Figure  IV- 3 9.  Power  Spectral  Density  Analysis  of  Bending  Strain  - 

6"  x  20"  Test  Panel  -  Military 


Figure  IV-40.  Power  Spectral  Density  Analysis  of  Bending  Strain 
6"  x  20"  Test  Panel  -  Military 
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(2)  Panel  A 


The  largest  amount  of  structural  response  data  was  obtained  from  the  flat 
panels  of  this  configuration.  One  panel  in  particular  {also  used  in  laboratory  tests ) 
was  extensively  instrumented  with  strain  gages  and  accelerometers  and  used  through¬ 
out  the  jet  noise  field  response  measurements.  The  panel  response  was  then 
obtained  for  both  military  and  afterburner  engine  conditions  and  for  the  one  panel 
location  in  the  noise  field.  In  addition,  several  typical  channels  of  bending  strain, 
acceleration  and  pressure  were  reduced  by  narrow  band  techniques  and  presented 
as  powe r  spectral  dens ity  curves ,  These  data  are  shown  in  Figures  IV~4I  through 
IV- 55,  pages  140  through  147, 


Two  major  difficulties  arose  with  these  and  all  other  response  data  obtained 
in  the  jet  noise  field.  The  first  of  these  was  the  mechanical  failure  of  some  of  the 
instrumentation  attached  to  the  test  panel.  These  failures,  occurring  primarily  in 
areas  of  high  acceleration,  produced  intermittent  shorts  in  the  instrumentation  cir¬ 
cuits  and  they  were  not  detected  until  the  data  were  reduced  after  the  completion 
of  testing.  As  a  result,  it  is  not  possible  to  obtain  direct  comparison  of  all  local 
panel  responses  for  all  test  conditions.  The  second  difficulty  (also  noted  in  the 
discrete  frequency  tests)  was  the  shifting  of  the  resonant  frequencies  of  the  various 
modes  because  of  preloads  introduced  by  differential  thermal  expansion  across  the 
panel  and  between  the  panel  and  its  supporting  jig.  Although  test  procedures  were 
adopted  to  minimize  such  effects,  an  analysis  of  the  test  results  shows  that  varying 
amounts  of  such  frequency  shifting  occurred. 
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Figure  IV-41,  Power  Spectral  Density  Analysis  of  Pressure  - 

Flat  Panel  A  -  Afterburner 
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Figure  IV-42.  Power  Spectral  Density  Analysis  of  Acceleration  - 
Flat  Panel  A  -  Afterburner 


Figure  IV-43.  Power  Spectral  Density  Analysis  of  Acceleration 
Fiat  Panel  A  -  Afterburner 
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Figure  IV-44*  Power  Spectral  Density  Analysis  of  Acceleration 
Flat  Panel  A  -  Afterburner 


Figure  IV-45,  Power  Spectral  Density  Analysis  of  Bending  Strain  - 
Flat  Panel  A  -  Afterburner 
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MEAN  SQUARE  STRAIN  PER  CYC L£[Microinches finch) 


Figure  IV-46*  Power  Spectral  Density  Analysis  of  Bending  Strain  - 
Flat  Panel  A  -  Afterburner 


Figure  IV-47. 


Power  Spectral  Density  Analysis  of  Bending  Strain  - 
Flat  Panel  A  -  Afterburner 
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MEAN  SQUARE  PRESSURE  PER  CYCLE(PSF^/w 


Figure  IV-48.  Power  Spectral  Density  Analysis  of  Pressure  - 
Flat  Panel  A  -  Military 


Figure  IV-49. 


Power  Spectral  Density  Analysis  of  Pressure 
Flat  Panel  A  -  Military 
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Figure  IV-50,  Power  Spectral  Density  Analysis  of  Acceleration  - 
Flat  Panel  A  -  Military 
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Figure  IV-51.  Power  Spectral  Density  Analysis  of  Acceleration  - 
Flat  Panel  A  -  Military 
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Figure  IV-52.  Power  Spectral  Density  Analysis  of  Acceleration  - 
Flat  Panel  A  -  Military 


Figure  IV-53.  Power  Spectral  Density  Analysis  of  Bending  Strain  - 
Flat  Panel  A  -  Military 
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Figure  IV-54,  Power  Spectral  Density  Analysis  of  Bending  Strain  - 
Flat  Panel  A  -  Military 
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Figure  IV- 55.  Power  Spectral  Density  Analysis  of  Bending  Strain  - 
Flat  Panel  A  -  Military 
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SECTION  V 


FATIGUE 


A.  Introduction  and  Objectives 

A  total  of  twelve  panel  specimens  in  four  general  configurations  was  sub¬ 
jected  to  the  high  intensity  jet  noise  environment  during  the  experimental  phases 
of  this  study.  However,  the  major  portion  of  these  tests  were  conducted  as  a  fun¬ 
damental  part  of  the  structural  response  study.  So  the  panels  involved  were  placed 
in  the  noise  field  to  facilitate  the  taking  of  such  required  measurements.  Because 
it  was  not  considered  practical  to  relocate  the  fatigue  tests  to  a  position  of  higher 
intensity  within  the  noise  fielder  economically  feasible  to  operate  the  engine  at 
high  thrust  for  extended  periods,  the  fatigue  failures  were  limited  to  lightest  of  the 
several  configurations  tested.  Within  this  limitation  the  fatigue  phase  of  the  pro¬ 
gram  was  conducted  to  obtain  the  maximum  useful  data. 

The  primary  objectives  of  this  phase  of  the  program  may  be  defined  as 

follows : 

(a)  to  determine  if  the  experimental  data  were  obtained  under  stress 
level  conditions  which  would  be  of  interest  in  real  structures; 

(b)  to  locate  the  critical  area  on  a  particular  specimen  configuration; 

(c)  to  provide  the  correlation  between  the  fatigue  strength  and  the  pre¬ 
dicted  and  measured  response. 


B,  Procedure 

The  description  of  the  test  panels  and  mounting  details  was  covered  in 
Section  IV.  The  testposition  within  the  noise  field  was  also  limited  to  one  of  the 
two  locations  used  in  the  response  measurement  phase.  Actually,  the  jet  engine 
time  logged  during  earlier  phases  of  the  program  constitutes  the  bulk  of  the  fatigue 
testing  time.  Thus  the  measured  noise  characteristics  and  panel  response,  as 
covered  in  Sections  II  and  XV,  also  describe  the  conditions  under  which  these  tests 
were  conducted, 

G.  Results 


All  of  the  failures  were  confined  to  Type  A  and  Type  E  panels  and  in  these 
similar  configurations  the  failure  initiated  at  the  same  structural  detail.  Such 
failures  first  appear  in  the  rib  flange  at  the  rivet  common  to  both  rib  and  stringer. 
While  this  type  of  failure  occurred  in  identical  areas  throughout  the  panel,  the  rib 
ends  were  particular ly  vulnerable .  When  the  failures  were  allowed  to  propagate  at 
the  rib  ends,  they  proceeded  out  into  the  rib  flange  so  that  skin  cracks  then  devel¬ 
oped  at  the  structural  discontinuities  so  formed.  Such  a  typical  failure  is  shown  in 
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photographs  of  Figure  V-l.  A  log  of  fatigue  testing  conditions  and  time  to  fail  is 
shown  in  Table  V-l,  After  the  early  failure  of  the  A-l  panel,  a  doubler  was  added 
to  all  subsequent  A  and  E  type  panels.  This  doubler  which  affected  the  transfer  of 
loads  between  the  substructure  and  the  panel  supporting  boundary  added  signifi¬ 
cantly  to  the  useful  testing  life  of  the  panels.  A  photograph  of  a  typical  installation 
of  such  doublers  is  shown  in  Figure  ¥-2.  This  group  of  panels  was  all  tested 
in  the  same  frdownstream,r  site  except  for  the  A-2  panel.  In  this  case  the  higher 
sound  pressure  levels  at  the  "upstream"  site  produced  relatively  early  fatigue 
failures . 


Figure  V-l.  Fatigue  Failures  in  Panel  A 


Figure  V-2,  Doubler  Installation  - 
Typical  for  Type  A 
and  Type  E  Panels 


table  v  - 1 
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(a)  Mb) 
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(U  Type  of  Failure*  (a)  crack  in  nb  at  cutout 
(b>  crack  in  akin  at  (a) 

(2)  Six  and  One -half  hours  of  varying  thrust 

condition* 

(3)  Located  40.  1  feet  downstream  and  1 5 
feel  from  jet  axis 

(4)  Located  L4.  Z  feet  downstream  and  10 
feat  from  jet  axis 


One  other  noteworthy  variation  in  the  fatigue  testing  procedure  concerns 
the  E-2  panel*  Its  acoustical  loading  was  produced  by  a  later  model  production 
version  of  the  J-79  test  engine  which  was  being  subjected  to  performance  checkout 
procedures.  Even  though  the  bulk  of  six  and  one-half  hours  of  testing  time  was 
obtained  at  less  than  military  thrust  (less  than  two  minutes  in  A/B},  the  location 
and  character  of  the  fatigue  failures  were  unaltered. 
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D.  Conclusions 


The  tremendous  cost  of  fatigue  testing  by  means  of  jet  engine  generated 
noise  fields  has  placed  stringent  limitations  on  this  phase  of  the  test  program.  Such 
limitations  affected  the  number  of  different  specimens  as  well  as  the  number  of 
any  one  type  of  specimen  that  could  be  tested  to  failure. 

Even  so,  certain  conclusions  may  be  drawn  which  are  related  to  the  basic 
objectives.  Taken  in  turn,  these  conclusions  may  be  summarized  as  follows: 

(a)  The  bulk  of  the  experimental  response  data  was  obtained  from  a 
specimen  configuration  which  was  being  driven  to  sufficiently  high 
levels  to  produce  fatigue  failures  at  its  critical  detail, 

(b)  A  sufficient  number  of  fatigue  failures  was  obtained  in  this  one 
configuration  to  define  the  location  of  the  critical  detail. 

(c)  The  fatigue  tests  have  served  to  indicate  the  order  of  magnitude  of 
fatigue  life  for  the  one  basic  configuration. 
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SECTION  VI 


SUMMARY 


A.  Summary  of  Conclusions 

Generally,  the  objectives  of  the  program  were  met.  Comprehensive  groups 
of  data  were  obtained  which  describe  the  noise  environment  of  a  modern  turbojet 
engine,  the  response  of  structure  within  that  noise  environment,  and  the  basic 
dynamic  parameters  of  the  structure  studied.  Analytical  methods  for  predicting 
structural  response  were  developed.  Although  some  significant  differences  in 
correlation  between  calculated  and  test  response  were  obtained,  the  basis  for  the 
analytical  approach  is  considered  sound.  Many  possibilities  for  refinement  of 
theory  to  minimize  these  differences  were  beyond  the  scope  of  this  program. 

Specific  conclusions  can  be  listed  as  follows: 

1.  The  free  field  measurements  of  the  engine  noise  environment  show 
good  correlation  with  earlier  published  work.  The  characteristic 
lobed  isolevel  contours  were  apparent. 

2.  Data  were  obtained  defining  the  pressures  within  the  jet  wake. 

A  single  lobe,  extending  downstream,  was  indicated  by  the  isolevel 

contours, 

3.  The  noise  output  of  the  engine,  for  a  given  power  setting,  varied 
sufficiently  to  exhibit  significant  differences  between  sample  aver¬ 
ages  for  the  duration  of  sample  used. 

4.  The  noise  output  from  the  engine  for  afterburner  and  military 
power  settings  are  different  both  in  level  and  in  spectrum. 

5_  The  prediction  of  response  modes  of  structures  is  very  difficult 
for  anything  but  very  simple  shapes  and  restraints. 

a.  The  control  and  description  of  boundary  restraints  are  severe 
limiting  factors, 

b.  Preload  conditions  due  to  thermal  loading  or  external  loading 
significantly  affect  dynamic  characteristics. 

c.  More  refined  determination  of  structural  damping  is  required. 

6.  Measured  structural  amplitudes  indicate  response  amplitudes  which 
should  be  in  the  linear  region. 

7.  Early  fatigue  failure  of  a  typical  structure  verified  the  severity  of 
the  noise  environment  for  this  particular  structure. 
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B*  Recommendations 


Several  of  the  conclusions  suggest  areas  well  worth  further  study*  These 
and  others  might  be  noted  as  follows: 

1.  Panel  Pressures  ,rClose  toM  and  MOn"  Rigid  Boundary 

The  results  of  Section  II  of  the  report  indicate  differences 
between  sound  pressures  on  the  rigid  plate  and  adjacent  field. 

Above  about  250  eps,  the  pressures  on  the  plate  are  up  to 
4  db  higher  than  those  in  the  field*  Since  such  field  measure¬ 
ments  are  used  to  define  the  pressures  exciting  the  structure, 
it  is  clearly  of  importance  to  understand  the  nature  and  mag¬ 
nitude  of  any  effect  of  this  sort*  In  addition,  the  ability  of 
existing  experimental  techniques  to  measure  pressures  near 
a  boundary  is  subject  to  question*  Differences  between  actual 
panel  pressures  and  those  measured  at  microphones  are  not 
known*  The  transition  distance,  if  any,  between  microphone 
pressures  and  actual  panel  pressures  is  unknown*  Possible 
effects  of  these  differences  on  spatial  correlations  are  also 
unknown.  Further  investigation  is  therefore  recommended* 

2.  Analytical  Determination  of  Modes 

A  number  of  limitations  of  the  analytical  method  of  mode 
determination  is  evidenced  by  the  study  (see  Section  III)*  To 
overcome  such  limitations,  it  is  recommended  that  further 
development  of  analytical  methods  of  mode  determination  be 
undertaken.  Such  development  should  ensure  the  capability 
to  determine  modes  having  node  lines  within  panel  boundaries 
and  to  cater  for  a  more  detailed  description  of  panel  boundary 
conditions  and  edge  member  rotational  restraints.  Preload 
effects  should  also  be  studied* 

3*  Curved  Panel  Response  Predictions 

It  is  recommended  that  further  worljt  be  done  to  determine 
analytically  the  jet  noise  field  response  of  the  curved  panel 
since  it  is  typical  of  fuselage  construction  and  that,  as  a  basis 
for  such  prediction,  additional  laboratory  resonance  tests  be 
carried  out  to  define  natural  mode  data.  Curved  panels 
exhibit  non-linear  characteristics  but  their  dynamic  charac¬ 
teristics  are  less  sensitive  to  thermal  induced  stress. 

4.  Possible  Cross  Correlations 


Complete  data  on  spatial  correlations  of  pressure  are  available 
on  magnetic  tape  for  the  1600  possible  cross  correlations  on 
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each  of  the  panels  studied,  A  minimum  number  was  reduced 
for  use  in  the  response  prediction  calculations.  It  was  assumed 
that  reciprocity  held,  A  sufficient  quantity  of  data  should  be 
reduced  and  analyzed  to  verify  this  assumption, 

5.  New  Questions 


In  the  spectral  analysis  of  the  data  the  assumption  as  to  the 
"stationary"  character  of  the  noise  raises  some  questions. 

What  are  the  effects  of  different  sampling  times  on  the  statis¬ 
tical  properties  of  the  jet  engine  noise?  What  are  the  effects  of 
observation  bandwidth,  the  shape  of  the  band  and  sweep  rate  on 
the  results?  The  available  data  should  be  studied  further  in  an 
attempt  to  answer  these  questions. 
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